This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



EP 0 458 971 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
03.01.1996 Bulletin 1996/01 

(21) Application number: 90917691.9 

(22) Date of filing: 04.12.1990 



(51) mtci 6; C12N 9/12, C12N 15/54, 
C12N 1/21, C12P 19/32 
// (C12N9/12. C12R1:19), 
(C12N15/54, C12R1:19), 
(C12N1/21, C12R1:19), 
(C12P19/32, C12R1:19) 

(86) International application number: 
PCT/JP90/01567 

(87) International publication number: 

WO 91/08286(13.06.1991 Gazette 1991/13) 



(54) INOSINE GUANOSINE KINASE 

INOSIN-GUANOSIN-KINASE 
INOSINE GUANOSINE KINASE 



03 

00 

in 
o 

Q. 
LU 



(84) Designated Contracting States: 

AT BE CH DE ES FR GB IT LI LU NL SE 

(30) Priority: 05.12.1989 JP 315537/89 

(43) Date of publication of application: 
04.12.1991 Bulletin 1991/49 

(83) Declaration under Rule 28(4) EPC (expert 
solution) 

(73) Proprietor: KYOWA HAKKO KOGYO CO., LTD. 
Chiyoda-ku, Tokyo 100 (JP) 

(72) Inventors: 

• MORI, Hideo 
Tokyo 194 (JP) 

• IIDA, Akihiro 
Tokyo 194 (JP) 

• TESHIBA, Sadao 
Tokyo 194-01 (JP) 

• FUJIO, Tatsuro , 
Yamaguchi 747 (JP) 



(74) Representative: Casalonga, Axel et al 
D-80469 MGnchen (DE) 



(56) References cited: 
JP-A-57 110 194 



US-A- 4 152 209 



• MOLECULAR AND GENERAL GENETICS vol. 
143, no. 1, 1975, Berlin, DE, pages 85-91, 
BJARNE JOCHIMSEN et al.: 'Location on the 
chromosome of Escherichia coli of genes 
governing purine metabolism' 

• JOURNAL OF GENERAL MICROBIOLOGY, Vol. 
135, No. 5, (1989), B. HOVE-HENSEN et al.: 
'Role of Guanosine Kinase in the Utilization of 
Guanosine for Nucleotide Synthesis in 
Escherichia coli', p. 1263-1271 

• CHEMICAL ABSTRACTS, Vol. 68, (1968), K.J. 
PIERRE, et al.: 'Formation of inosine 
S'-monophosphate by a kinase in cell-free 
extracts of Ehrlich ascites cell invitro', 
Abstract No. 102069a 

Remarks 

The file contains technical information submitted 
after the application was filed and not included in 
this specification 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement- It shall not be deemed to have been filed until the opposi* : on fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 458 971 B1 

Description 

Technical FifiH 



75 



20 



25 



30 



35 



aci^^ which estates the action of forming s,nosin ic 

o forming 5'- 9 uany,ic acid ( 5 , G MP) from fli^aS^S?^ ,riPhOSPha,e (dATP) 3 " d ^ 

using the enzyme. no ai f or dATP, and to a process for producing 5'-nucleotides 

Background Art 

.agent. As the method for producing S^uel« ) ade^i^ l ^^ a ^ used a * - seasoning 

present ,n yeast cells (Journal of Agricultural and C^Lls^7nA ? enz *™Xic aiW decomposing RNa 
m.croorganism having an ability to produce 5'-llvlP [AgTic^ultu^aTand r f 3 "' 7^ **• 1969) ' 3 me,hod *» cultJrlng a 
for chemical phosphorylation of nucleoside 1,^1 B'0'°9'cal Chemistry, 46. 2557 (198211 a m-t^J! 

ta n?H h WO , U,d 59 mOS, advan *9eous from an indust STSJSJS? bS PhOSphor y |ati ° n «*»«*n0 these nude: 
tamed by fermentation. However, in the case of perfonJZ cheS 1 , ,n ° Sme 3nd 9 uan °^e are easily ob- 
used at a lower temperature [Bulletin of the ChZS^S^^^ST' 00 "- ^ qU3nti,ies of chlorid <* are 
not des.red from viewpoints of both costs and en7onr^2 V l "T2' ^j 3505 ' 3508 0*»9>1 so that the method s 
•oude. under mild conditions is desired. Hitherto ^ Phosphorylation of nucl 

cans of var.ous microorganisms has been reported S^^S^, 7 ^ °' PUrine nucl *°sides using cultured 
^f^^OOg^S^^ Unexamined Patent Application Nos 

As an -nosine-phosphorylating enzyme, inosine kinase To iTZ T * COnversion ™° and yield, 
from animal tissues or microorganisms is only reported ml Fnf OWn bU< ,he CrUde active < ra <*°n derived 

ob*. and Nucleobases in Microorganisms "pp^^l 983) Ac^l^ 'V^ ° 973) ' Academic NucTe 
ac v, ty wh, ch phosphorylates guanosine in coli "ai^ISJS Ga^ ' ^ f^™ 8 ° f 3 9U3nosine k ^ 
ever, the activity ,s low and it is extremely di^uTt to ourifv S. 1 M.crobiol., J35, 1263-1273 (1989)1 How- 

add,,™, physicochemica. properties of the en^rn a5 cSrSSfTn ^ ' " " *" b-y0nd indu ^"al u.iliza ionTn 
An oS oMh" n8ither iS °' ated nor .P urified eVent ' inoSine -9 uanosin e kinase is an en 

^"9*^ and also to provide a method for 

31 lowcosts - ' Wh,ChhaV8beenw,de| y u t«"«dasaseasoningagent, industrially 



Disclosure of the Invention 



40 



45 



so 



ss 



he react-on of forming S'-GMPfrom guanosine an ^ATP of Satp ° 9 5 ' MP ,r ° m inosine and ATP or dA?P £d 

for preparing 5'-nuc.eotides using the enzyme ATR 3 PrOCeSS f ° r producin 9 »» ^zyme and a process 

Hereafter the present invention is described in detail 

a ^n^ can Obtained by cul.unng'in a medium 

^accumulating the inosine-guan^^ 

The mosme-guanosme kinase may be obta^^iZ, 9 ,?' m ' Cr00r 9 anism are 9-ven 9 6r ' n9 

•he genus gacherichia, Coning a gen er«22S £££ T^™ 5 ?™' ° NA 3 ™™9anism belonging to 
enhanced inos.ne-guanosine kinase activity usmo oer,^ '° Pf0dUCe 3 bac,erial ^rain havtnq a ° 

Isolation and cloning of the qene encod^nTfhf en 9'™er,ng and culturing the strain. 9 a " 

9^ Esch^ can oe carrot ZTsZlZ ^STSr ^ ^ "° m 3 ^ <° the 

£h£ncina ,s isolated by a conventional method fo^^J^^'^^T 01 ° N * U ° m SUams of ,he 9enus Es 



2 



EP 0 458 971 B1 



Bam HI, Sau3AI, Bc^ll, etc. By inserting the fragments cleaved with the restriction enzyme into a vector DNA, a recom- 
binant DNA in which the DNA fragment containing the gene encoding the inosine-guanosine kinase derived from a strain 
of the genus Escherichia has been inserted can be obtained, together in a mixture with various other recombinant DNAs. 
In the recombinant DNA mixture described above is the recombinant DNA comprising the DNA fragment containing the 
gene encoding the inosine-guanosine kinase. Using the recombinant DNA mixture, a host microorganism is transformed 
according to the method of Cohen et al. [Proc. NatL Acad. Sci. U.S.A., 69. 2110 (1979)]. 

As a source for the gene encoding the inosine-guanosine kinase, there is mentioned chromosomal DNA of a mi- 
croorganism belonging to the genus Escherichia. Specific examples are Escherichia coli HM70 strain, Escherichia 
coli W3110 strain [Molecular Cloning, Cold Spring Harbor Laboratory (1982); ATCC 14948], etc. 

As the vector harboring the DNA fragment containing the gene encoding the inosine-guanosine kinase inserted 
therein, any vector among phage vectors, plasmid vectors, etc. may be used as long as the vector is autonomously 
replicated in a strain belonging to the genus Escherichia . Preferred examples are pBR322 [Gene, 2, 95 (1977)], pUC19 
[Gene. 33. 103 (1985)], pTrS30 [Doctoral Thesis by Tatsuya Nishi (1988), pp. 130, Tokyo University], etc. 

Any host microorganism may be used as long as it belongs to the genus Escherichia and is capable of carrying a 
recombinant DNA obtained by inserting, into a vector, the gene encoding the inosine-guanosine kinase derived from a 
strain belonging to the genus Escherichia. Specific examples are Escherichia coli HM70 strain, Escherichia coli 
MC1 000 strain [J. of Molecular Biology, J_38, 1 79-207 (1 980)], Escherichia coli DHl strain [Molecular Cloning, 505, Cold 
Spring Harbor Laboratory (1 982)], etc. 

The gene may also be inserted into another bacterial species by subcloning the gene from the thus obtained re- 
combinant DNA containing the gene encoding the inosine-guanosine kinase derived from a strain belonging to the genus 
Escherichia , by use of the host-vector system of the other species. 

As the host -vector system, all known systems may be used. Examples include the host-vector systems of the genus 
Serratia , the genus Corynebacterium , the genus Brevibacterium , the genus Pseudomonas , the genus Bacillus, etc. 

Escherichia coli HM70 strain which is one of the sources for the gene encoding the inosine-guanosine kinase is a 
strain obtained by disrupting, on a genetic level, a part of the nucleoside-degrading activity of Escherichia coli S<D609 
strain [Molec. Gen. Genet., 143, 85-91 (1975)] obtained from National Genetics Researc Institute, Japan, through 
treatment with UV rays. The HM70 strain is used not only. as a source for the gene but also as a host for cloning of the 
gene. 

Selection of HM70 strain was made as follows. SO609 strain has an inosine-degrading activity and therefore, when 
the strain is allowed to grow on a plate medium supplemented with inosine, it degrades inosine into hypoxanthine and 
ribose. Furthermore, the S<£>609 strain can use ribose as a sugar source and thus, when it is allowed to grow on a sugar 
metabolism assay plate supplemented with inosine (MacCONKEY plate supplemented with inosine), it assimilates ribose 
so that red colonies are formed. Therefore, S0>609 strain is smeared on inosine-supplemented MacCONKEY plate and 
UV rays are irradiated to such a degree that a killing rate becomes about 95%, whereby mutation is induced. The 
appearing white colonies are strains having a lowered ribose productivity, namely, strains having a decreased inos- 
ine-degrading activity. A strain having the lowest inosine-degrading activity is selected from the colonies and named 
HM70 strain. 

SO609 strain and HM70 strain cannot grow on the minimum agar plate medium supplemented with hypoxanthine 
since these strains lack the purine nucleotide biosynthesis pathway and the salvage pathway which produces S'-IMP 
from Hypoxanthine. However, HM70 strain having a decreased inosine-degrading activity which is about one fourth of 
that of Sa>609 strain can utilize inosine. Therefore, HM70 strain can grow even on inosine-supplemented minimum agar 
plate medium [plate medium prepared by dissolving 6 g of Na 2 HP0 4 , 3 g of KH 2 P0 4 , 0.5 g of NaCI, 1 g of NH 4 CI and 
1 5 g of agar in 1 liter of distilled water, adjusting pH to 7.4 with 1 N NaOH ; then sterilized by autoclaving and then adding 
a sterile solution of 2 m* of 1 M MgS0 4 , 10 m# of 20% glucose and 0.1 mf of 1M CaCI 2 (inosine was supplemented in 
a final concentration of 5 mM)|, while S<l>609 strain cannot grow on that medium. However, this growth restoration results 
from a weak inosine-guanosine kinase activity inherently possessed by HM70 strain and its growth rate is extremely 
low. When inosine-guanosine kinase structural gene ligated with a plasmid vector is introduced into this HM70 strain, 
the inosine-guanosine kinase activity in the cells increases and growth on the inosine-supplemented minimum agar 
plate medium is accelerated On the other hand, since the parent strain S<l>609 has a strong inosine-degrading activity, 
even though a recombinant DNA comprising the inosine-guanosine kinase gene and a plasmid vector is introduced into 
the parent strain, the parent strain cannot grow on inosine-supplenoented minimum agar plate medium because of deg- 
radation o! inosine in the medium 

From the thus obtained transformants. a strain having an activity which catalyzes the reaction of forming S'-IMP 
from inosine and ATP or dATP and the reaction of forming 5'-GMP from guanosine and ATP or dATP is selected as 
follows. 

The obtained transformants are treated with an organic solvent to afford membrane permeability thereto. Using the 
thus treated product as an enzyme source, the reaction of forming 5'-lMP from inosine and ATP or dATP or the reaction 
of forming 5'-GMP from guanosine and ATP or dATP is carried out. An amount of S'-iMP or 5'-GMP produced is quan- 
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titatrvely determined by high performance liquid chromatography (HPLC). A strain which shows an increased amount 
of 5'-IMP or S'-GMP produced is an inosine-guanosine kinase clone. Also when a transformant constructed by using 
HM70 strain as a host is inoculated on an inosine-supplemented minimum agar plate medium and kept at 30°C, a few 
colonies showing a fast growth appear in 2 to 3 days. Most of these strains showing a fast growth are inosine-guanosine 
kinase clones. From the obtained transformants. recombinant DNA molecules are isolated to obtain a recombinant DNA 
comprising the gene encoding the inosine-guanosine kinase derived from a strain belonging to the genus Escherichia. 

Examples of the strains in which inosine-guanosine kinase activity has been enhanced include Escherichia coli 
HM70/pBM2 carrying a recombinant DNA constructed by inserting into a vector a gene encoding the inosine-guanosine 
kinase derived from Escherichia coli HM70 strain, Escherichia coli DHI/pBMI carrying a recc. .ibinant DNA constructed 
by inserting into a vector a gene encoding the inosine-guanosine kinase derived from Escherichia coli W3110, etc. 
Escherichia coli HM70/pBM2 and Escherichia coli DHI/pBMI have respectively been deposited as Escherichia coli 
HM72 and Escherichia coli HMI with the Fermentation Research Institute, Agency of Industrial Science & Technology, 
Japan, under the Budapest Treaty, as shown in Table 1. 
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Indication of Microorganism Recognition 


FERM BP- 


Date of Deposit 


Escherichia coli HM72 
Escherichia coli HM1 


3125 
2669 


October 6, 1 990 
December 1, 1989 



These strains having an enhanced inosine-guanosine kinase activity are cultured in accordance with a conventional 
method for culturing bacteria. That is, the microorganism may be cultured in a conventional medium containing carbon 
sources, nitrogen sources, inorganic compounds, amino acids, vitamins, etc. under aerobic conditions, while controlling 
temperature, pH, etc. 

As the carbon sources used in a medium, carbohydrates such as glucose, fructose, sucrose, molasses, blackstrap 
molasses, starch hydrolyzate, etc. alcohols such as ethanol, glycerine, sorbitol, etc., organic acids such as pyruvic acid, 
lactic acid, acetic acid, etc. amino acids such as glycine, alanine, glutamic acid, aspartic acid, etc. can be used so long 
as the microorganism can assimilate them. A concentration of these carbon sources used is preferably 5 to 30%. 

As the nitrogen sources, ammonia, ammonium salts of various inorganic and organic compounds such as ammo- 
nium chloride, ammonium sulfate, ammonium nitrate, ammonium carbonate, ammonium acetate, ammonium phos- 
phate, etc. nitrogen-containing organic compounds such as urea, peptone, N2 amine, meat extract, yeast extract, corn 
steep liquor, casein hydrolyzate, fish meal or its digested products, etc. various amino acids such as glycine, glutamic 
acid, etc. can be used. A concentration of these nitrogen sources used is generally 0.1 to 10%. 

As the inorganic compounds, potassium dihydrogen phosphate, dipotassium hydrogen phosphate, magnesium sul- 
fate, magnesium phosphate, sodium chloride, ferrous sulfate, manganese sulfate, zinc sulfate, calcium carbonate, etc 
can be used. 

When the microorganism to be used requires a specific nutrient such as amino acid, nucleic acid, vitamin, etc. for 
its growth, these substances are supplemented to the medium in a suitable amount. 

Culturing is carried out under aerobic conditions such as shaking culture, agitation submerged culture, etc. A pre- 
ferred temperature for culturing is generally 28 to 32°C. A period for culturing is generally 1 to 24 hours. A pH of medium 
is desirably kept neutral with ammonia, urea, a sodium hydroxide solution, etc. 

After the completion of the culturing, the inosine-guanosine kinase may be isolated from the cultured cells in a 
conventional manner for collecting an enzyme, for example, as follows. Firstly the resulting cells are thoroughly washed 
and then ultrasonicated to give cell-free extract. After centrifugation. protamine sulfate is added to the resulting super- 
natant. The mixture is centrifuged to remove high molecular nucleic acid as precipitates. The supernatant is added to 
Sephadex G-50 followed by desalting through gel filtration. Subsequently, an anion exchange chromatography treatment 
using DEAE Sepharose and gel filtration through Sephacryl S-200 are carried out to give the purified product. 

Components of each buffer in the specification refer to the following compounds 

HEPES: N-2-hydroxyethylpiperazine-N'-ethanesulfonic acid 
PIPES: piperazrne-N.N'-bis(2-ethanesu!fonic acid) 
TAPS N-tris(hydroxymethyl)methyl-3-amino-1-propanesulfonic acid 
CHES: cyclohexylaminoethanesulfonic acid 

The activity of the inosine-guanosine kinase obtained is determined as follows. A reaction solution {hereafter referred 
to as reaction solution a) having a composition of 100 mM HEPES buffer (pH 7.2). 10 mM MgS0 4 , 50 mM KCI. 1 mM 
ATP and 1 mM inosine is brought into contact with the inosine-guanosine kinase in a concentration of about 10 ug 
protein/mf followed by reaction at 30°C for about 30 minutes. During the course of reaction, a part of the reaction solution 
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is subjected to sampling intermittently. After the reaction solution is diluted to 1/20 with 0.2M NaH 2 P0 4 (adjusted the 
pH to 2.6 with H3PO4) to stop the reaction, an amount of 5'-IMP in the stopped reaction solution is quantitatively deter- 
mined by HPLC. Analysis by HPLC is made by using 0.2M NaH 2 P0 4 (pH 2.6) at a flow rate of 1 m€/min. as an eluting 
solution and Asahipak GS-320H (manufactured by Asahi Chemical Co., Ltd.) as a column. Detection of components 
was made by using the UV absorbance at 254 nm as an index. Quantitative determination was made by comparing 
absorbancy with that of the standard. 

Next, physicochemical properties of the obtained inosine-guanosine kinase are described below. 

(1) Action 

The enzyme has an action of forming ADP and 5'-IMP from ATP and inosine, an action of forming dADP and 5'-IMP 
from dATP and inosine, an action of forming ADP and 5'-GMP from ATP and guanosine, and an action of forming dADP 
and 5'-GMP from dATP and guanosine. 

(2) Optimum pH 

A reaction was carried out at 30°C for 20 minutes in a manner similar to the method for determination of inosine-gua- 
nosine kinase activity described above, except that PIPES (pH 6.6-7.1), HEPES (pH 6.9-8.3), TAPS (pH 7.9-8.8) and 
CHES (pH 8.7-10.1) were used in replacement of the buffer component (100 mM) in the composition of reaction solution 
a. As the result, the optimum pH was 6.9-8.2. 

(3) pH Stability 

This enzyme is treated at 4°C for 16 hours in an aqueous solution containing 50 mM buffer (CHES; pH 10.0-9.0, 
TAPS; pH 8.2, HEPES; pH 8.3-7.3 or PIPES; pH 6.6) and 5 mM p-mercaptoethanof under both conditions in the absence 
of KCl and in the presence of 250 mM KCI. After the treatment, the activity is determined. When treated in a pH range 
of 6.6 to 9.0, the treated enzyme maintains the residual activity of 90% or more of the activity of intact standard enzyme 
and stably keeps its activity in a pH range of 6.6 to 9.0. The addition of KCI ameliorates storage stability. 

(4) Optimum temperature 

In the method for determination of inosine-guanosine kinase activity described above, the activity is determined by 
varying the temperature of 0 to 50°C and 31 to 41°C. The optimum temperature is 25 to 40°C. 

(5) Temperature stability 

A reaction solution composed of 20% glycerol, 50 mM Tris-hydrochloride buffer (pH 8), 5 mM (i-mercaptoethanol 
and 100 mM NaCI is contacted with inosine-guanosine kinase in a concentration of about 10 |ig protein/nrtf and treated 
at a temperature of 26 to 50°C for 15 minutes to determine the residual activity at each temperature. As the result, since 
treatment at 40°C or lower inactivates the enzyme by only 20% or less, the enzyme is stable up to 40° C. In contrast, 
the activity is rapidly lost by treatment at 50°C. 

(6) Substrate specificity 

In the method for determination of inosine-guanosine kinase activity described above, a reaction is carried out at 
30°C by changing the concentration of KCI to 300 mM in the composition of reaction solution* a and adding various 
neutralized phosphate sources to the reaction solution instead of ATP in a final concentration of 5 mM. As shown in Fig. 
1 . the reaction proceeds well when using ATP or dATP as substrate for phosphate-donor Further in the case of uridine 
triphosphate (UTP). the reaction proceeds a little bit However, adenosine diphosphate (ADP). adenosine monophos- 
phate (5'-AMP). guanosine triphosphate (GTP). orotic acid monophosphate (5'-OMP). cytidine monophosphate 
(5'-CMP). p-nitrophenyl phosphate (PNPP). acetylphosphoric acid, tripolyphosphoric acid, tetrapolyphosphoric acid, 
pyrophosphoric acid and phosphoric acid could not act as phosphate-donor substrates for this enzyme in this reaction 
This indicates that the enzyme is classified in an enzyme group called kinases and clearly distinguished from enzymes 
which govern transphosphorylation used in Japanese Published Unexamined Patent Application Nos. 119898/83 and 
230094/88. etc., namely, nucleoside phosphotransferases (EC 2.7.1.77). Where ATP or dATP is used as phosphate-do- 
nor inosine and guanosine are preferred as phosphate-acceptor. 
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(7) Inhibitors 



In the method for determination of inosine-guanosine kinase activity described above, the activity is determined by 
reacting at 30°C for 30 minutes except that the concentration of KCI is changed to 300 mM and 1 mM metal salt is added 
5 to the composition of reaction solution a. The activity is determined as a standard when no metal salt is added. The 
results are shown in Table 2, The enzyme is inhibited by metal ions such as Co 2 *, Cu 2+ , Zn 2+ , etc. 



Table 2 



Metal Salt (1 mM) 


Relative Activity (%) 


None 


100 


FeC€ 2 


112 


FeCe 3 


131 


CaO€ 2 


107 


0oC£ 2 


32 


CuC€ 2 


1 


MnC€ 2 


134 


BaC€ 2 


116 


ZnS0 4 


5 


Zn(CH 3 COO) 2 


5 


NaC€ 


104. 


NaF 


96 
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In the method for determination of inosine-guanosine kinase activity described above, a reaction is carried out by 
changing the buffer to Tris-hydrochloride buffer (pH 8.0), and varying the concentration of KCI in the composition of 
reaction solution a. The results are shown in Fig. 2. When 1 00 mM NaCI is added instead of KCI, no reaction proceeds 
This reveals that the enzyme requires K + for activation. Next, activation is examined in the system where the concen- 
tration of KCI is changed to 300 mM in the composition of reaction solution a, by adding various divalent or trivalent 
metal ion salts instead of MgS0 4 . As shown in Table 3, Mg 2 + and Mn 2 + exhibit an activating action. It is thus revealed 
that this enzyme requires one of two combinations: one is K + and Mg 2 + and the other is K + and Mn 2+ . 

Table 3 



Metal Salt (10 mM) 


Produced IMP (mM) 


None 


0 


FeCe 2 


0 


FeC€ 3 


0 


CaC^ 2 


0 


CoC^ 2 


0.01 


CuCf 2 


0 


MnCf 2 


0.51 


BaCf 2 


0 


2nS0 4 


0 


2n(CM 3 CCO) 2 


0 


MgCf 2 


0.60 


MnS0 4 


0.64 


MgS0 4 


0.68 



(9) Km value 

Km value in the reaction solution composed of 2 mM ATP, 10 mM MgS0 4 , 300 mM KCI and 0.1 M HEPES buffer 
(pH 7.2) was 2.1 mM for inosine and 6.1 mM for guanosine. 
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(10) Amino acid sequence and nucleotide sequence 

Nucleotide sequence of the structural gene coding for this enzyme was determined by the dideoxy chain terminator 
method [Science, 214, 1205-1210 (1981), Gene, 1§, 269-276 (1982)] and its amino acid sequence was deduced from 
the nucleotide sequence. The amino acid sequence and the nucleotide sequence are shown in Tables 4 and 5, respec- 
tively. 

Table 4 

i MetLysPheProGlyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 

21 LeuLeuGlnGlnPheGlnProGluAsnGluThrSerAlaAlaTrpValValGlylleAsp 

41 GlnThrLeuValAspIleGluAlaLysValAspAspGluPhelleGluArgTyrGlyLeu 

6i SerAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrGlnGluLeu 

81 LysGlnLysAsnLeuIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrMetHis 

101 AsnTyrSerValLeuAlaAspAspArgSerValLeuLeuGlyValMetCysSerAsnlle 

121 GluIleGlySerTyrAlaTyrArgTyrLeuCysAsnThrSerSerArgThrAspLeuAsn 

141 TyrLeuGlnGlyValAspGlyProIleGlyArgCysPheThrLeuIleGlyGluSerGly 

161 GluArgThrPheAlaIleSerProGlyHisMetAsnGlnLeuArgA.laGluSerIlePro 

181 GluAspVallleAlaGlyAlaSerAlaLeuValLeuThrSerTyrLeuValArgCysLys 

201 ProGlyGluProMetProGluAlaThrMetLysAlalleGluTyrAIaLysLysTyrAsn 

' 221 ValProValValLebThrLeuGlyThrLysPheVallleAlaGluAsnProGlnTrpTrp 

241 GlnGlnPheLeuLysAspHisValSerlleLeuAlaMetAsnGluAspGluAlaGluAla 

26 1 LeuThrGlyGluSerAspProLeuLeuAlaSerAspLysAlaLeuAspTrpValAspLeu 

281 ValLeuCysThrAlaGlyProIleGlyLeuTyrMetAlaGlyPheThrGluAspGluAla 

301 LysArgLysThrGlnHisProLeuLeuProGIyAlalleAlaGluPheAsnGlnTyrGlu 

32 1 PneSerArgAlaMet ArgKisLysAspCysGlnAsr.PrcLeuArgValTyrSerHisIls 

3^ 1 AlaProTyrMezGlyGlyProGluLysIleMetAsnThrAsnGlyAlaGlyAspGlyAIa 

3c i l.euAlaAiaLeuLeuHisAspIle7hrAlaAsnSer7yrHisArgSerAsnValPrcA£n 

3 c- 2 SerSerLysHisLys PheThrTrpLeuThrTyrSerSerLeuAlaGlnValCysLysTyr 

401 AlaAsnArgValSerTyrGlnValLeuAsnGinHisSerProArgLeuThrArgGlyLeu 

421 PraGIuArgGiuAspSeri-euGluGluSerTyrTrpAspArg 
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Table 5 



5 


1 


ATGAAATTTC 


CCGGTAAACG 


TAAATCCAAA 
1 nnn 1 0 wiinri 


P ATT APTTPP 
Oft I 1 ft 0 1 1 00 


PPPTAAAPPP 

OOO 1 ftftrtOOO 




J i 


aggpgatcgg 

nvvjuvn 1 000 


PTGPTTPAGG 


AATTPPAGPP 


AGA A A APGA A 
ftoftftnftooftft 


APP AGPGPTG 

ftOOftOOOUl 0 


10 


1 01 

X o X 


CCTGGGTAGT 

OO X VJVJVJ 1 *i O 1 


GGGTATPGAT 

000 1 n a \-/un j 


PAAAPGCTGG 


TPG ATA TTG A 
1 O 0 ft l ft l loft 


A GPP A A AGTG 

ftOOOftftftO 1 0 


-L ^ A 


GATGATGAAT 


TTATTGAGCG 


TTATGGATTA 

1 1 i* i O W*A A x n 


AGPGPPGGGP 
noooooooou 


ATTPAPTGGT 

ft 1 1 OftOl 00 1 




4— O X 


GATTGAGGAT 

>j n 1 j unu on a 


GATGTAGCCG 


AAGCGCTTTA 

nn 0 v> 0 0 a 11. n 


TPAGG A APT A 
1 0 ft 0 0 ft ft 0 1 ft 


A A AP AG A AAA 
ft ft ft 0 ft 0 ft ft n n 


1S 


^ j 


ACCTGATTAC 


CCATCAGTTT 


GCGGGTGGCA 


GPATTGGT A A 
oon 1 1 00 1 ft ft 


PAPPATOP AP 

OftOOft 1 O Oft 0 






AACTACTPGP 


TGPTPGPGGA 


GGACGGTTPG 

vur. 0 v-/ 0 x i. 00 


GTGPTGPTPP 
0 1 00 1 OO 1 00 


HP PTP A TPTG 
0O0 1 Oft 1 0 I 0 


20 


-> > — 


PAGPAATATT 
n 0 0 n n. i. n a j. 


p.A A ATTGGP A 

Oftftft 1 i uu^/ n 


GTTATGPPT A 

w A. XftlOwOi. ft 


TPPTT A PPTP 
1 00 i 1 rioo 1 b 


TPTAAPAPTT 
1 b 1 nnUnU i 1 


U 01 


PP AGPPPTAP 


PG ATPTTA AP 

OOft I U 1 1 ftftU 


TATPTAPA AP 
lnlul n. oft ft 0 


pppnppp a «T«pp 

bbb 1 bbftlbb 


Hf^HC* A TTP P T 
bbbbA 1 1 00 1 




*+ Z> X 


P GTTGPTTT A 


OOUlOftl iuu 


PPAPTPPPPP 
OOftO 1 o-V-*ooo 


P A A PPTAPPT 
b nft b b 1 n b 0 1 


TTPPT a T> ^ a p 

1 1 bb 1 A ! onb 


25 


1 


TPPAPPPPAP 
1 UortooUofto 


ATOfi APPAPP 


TPPPPPPTP A 
ioouoool Oft 


A AppATTPPP 

ftnbbAl 1 bbb 


P A A f~* A T 1 0 T* A 

bAAbAl b J GA 




2D - 


1 looboonbb 


fTPr. n P a ptp 


ul Jul o-nUo 1 


O A T* A T" 1 O 'T 1 0 O 

CATATCTGGT 


GCGTTGCAAG 




DUX 


obbbb 1 bnnb 


ULft i bbbbbft 


ftouftAUoft 1 b 


AAAGCCATTG 


AGTACGCGAA 


30 




PAAATATA. IP 
onnri 1 A 1 nAb 


ptappppt'pp 
0 J Abbbb loo 


1 bo 1 bAbbb 1 


GGGoAGCAAG 


TTTGTCATTG 




7 m 

/ Ui 


ppn a p a ATOP 
ooonoAAl bb 


bbr.b 1 bb 1 00 


bftbbftA i 1 bo 


TCAAAGATCA 


CGTCTCTATC 


35 


7 => 1 

fox 


0 1 ioooftlon 




Hbbb biiiibbb 


TTGACCGGAG 


AAAGCGATCC 




801 


GTTGTTGGP A 


TPTG A PAAPP, 
i O 1 oft oftfto 0 


PPPTPP A PTP 
bob 1 oonb 1 b 


ppfj 1 A p ATPTP 

bb 1 Aon 1 b I b 


b I OoTGTGCA 




-i 


PPGPPGGOPP 


A ATPPPPTTP 

ft ft I UUO'v 1 io 


TfiTfiTPPPPP 
i ft 1 1 bbb bb 


PPTTT A PPP A 

bb 111 AbbbA 


AbAbGAAGCo 


40 


COT 


A A APGT* A AAA 
n.~ noo _ ftftftft 


PPP AG° ATPP 


PPTP"TPPPP 
ool bw 1 bwbb 


O O O O A T A P 

bbbbo 1 A I Ab 


PA A O ft^T , /™*A A 

bbb Aft . TCAA 




> 2 - 


PPAGT ATP A P 
0 0 ft 0 aft 1 on «; 


TTT A P,P PPP P 


PP £ TPPP ^pr, 
oon I bbb ^-bft 


CAAbGA TiGb 


CAGAA > CCGb 


45 


i no i 


TPPPTH-TATA 


1 1 UcUnlh 1 J 


P P P O O *""* A O ft 

bbobbb . ACA 


TGGGCGGGCC 


GGAAAAAATu 




1051 


ATGAACAC7A 


ATGGAGCGGG 


GGATGGCGCA 


TTGGCAGCGT 


TGCTGCATGA 




no: 


CATTACCGCC 


AACAGCTACC 


ATCGTAGCAA 


CGTACCAAAC 


TCCAGCAAAC 


SO 


1151 


ATAAATTCAC 


CTGGTTAACT 


TATTCATCGT 


TAGCGCAGGT 


GTGTAAATAT 




1201 


GCTAACCGTG 


TGAGCTATCA 


GGTACTGAAC 


CAGCATTCAC 


CTCGTTTAAC 


55 


1251 

1301 


GCGCGGCTTG 
GT 


CCGGAGCGTG 


AAGACAGCCT 


GGAAGAG7CT 


TACTGGGATC 



sequence of the enzyme at the N-terminal were determined using Amino Acid sequencer of Applied 
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Biosystem Co., Ltd. The amino acid sequence coincided with the amino acid sequence (Table 4) deduced from the 
nucleotide sequence shown in Table 5. Methionine which is the first amino acid of this enzyme is not cut out. Furthermore, 
C-terminal peptide was isolated and collected from peptide groups obtained by digesting the enzyme with iysyl en- 
dopeptidase and amino acid sequence of the C-terminal peptide was determined by the method described above. The 
amino acid sequence coincided with the C-terminal amino acid sequence shown in Table 4. The foregoing reveals that 
the amino acid sequence of this enzyme coincides with the amino acid sequence (Table 4) deduced from the nucleotide 
sequence shown in Table 5. 

(11 ) Molecular weight 

Molecular weight deduced from the amino acid sequence is about 48400 daltons; according to measurement by 
SDS-polyacrylamide electrophoresis (manufactured by Biorad Co., Ltd., standard for low molecular weight, catalogue 
No. 161 -0304 was used), molecular weight is about 43000 daltons. 

The nucleotide sequence shown in Table 5 corresponds to the inosine-guanosine kinase represented by the amino 
acid sequence shown in Table 4. However, unless the inosine-guanosine kinase activity is lost, a strain carrying a re- 
combinant DNA inserted with a gene obtained by modifying the nucleotide sequence may similarly be used as a strain 
having an increased inosine-guanosine kinase activity. Even a mutated enzyme produced by modifying guanine at the 
1282nd position and its subsequent nucleotide sequence as shown in Table 6 exhibits an inosine-guanosine kinase 
activity. 

% r Table 6 



25 



30 



35 



40 



45 



SO 



55 



C-Terminal of natural type 



1281 
X 



1302 
I 



GAAGACAG CCTG 
Gl uAspSerleu 
424 427 



C-Terminal of 
mutant type 



&AAGAGTCTTACTGGGATCGT 
31uGluSerTyrTrpAspArg 
428 434 

3GCATGCAAGCGGGTACCGAGCTCGA 
SlyMetGlnAlaGlyThrG-luleuGl 
428 



1311 
I 

ATTC 
uPhe 
437 



1312 



335 
I 



ACTGGCCGTCGTTTTACAACGTCG 
— ThrG lyArgAr gPheThrThrSer 
438 445 

Next, mention may be made of process for producing S'-nucleotides using the enzyme which catalyzes the reaction 
of forming S'-nucleotides from nucleosides and ATP or dATP. 

S'-nucleotides can be obtained by contacting nucleosides with ATP or dATP in an aqueous medium in the presence 
of an enzyme source having the enzyme activity which catalyzes the reaction of forming S'-nucleotides from nucleosides 
and ATP or dATP. 

As the nucleoside, inosine or guanosine is mentioned. As the S'-nucleotides. S'-IMP or S'-GMP is mentioned. 

As the enzyme source, tnosine-guanosme kinase, bacterial cells having an ability to produce the enzyme, bacterial 
cells carrying a recombinant DNA obtained by inserting into a vector a DNA fragment containing a gene encoding the 
enzyme involved in the reaction of forming S'-nucleotides Irom nucleosides and ATP or dATP a culture thereof or treated 
matters thereof, etc. may be used. 

As the treated matters, a concentrate of the culture or a dried culture, a culture treated with surfactant and/or organic 
solvent or lytic enzyme, bacterial cells obtained by centrrtuging the culture, dried bacterial cells, acetone-treated cells, 
cells treated with surfactants and/or organic solvents, lytic enzyme-treated cells, immobilized bacterial cells or enzyme 
preparation extracted from bacterial cells, etc. may be used. 

As the inosine and guanosine to be used in the reaction, any of purified or crude products, fermentation broth or 
cell-free supernatant of inosine and guanosine can be used for the reaction so long as they do not interfere the reaction 
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of forming S'-nucleotides. The concentration of nucleosides is in the range of from 10 to 80 a/i 

As the phosphate donor, there are ATP or dATR Any of purified and crude ATP and hato . • , 
ATor dATP may be used as ATP ordATP source so long as thev do not con.Snlo, kT 1 matenals c ™*<™9 
Since ATP and dATP are expensive it is advan aoeoui to j£ V Substance that interfere s the reaction. 

(Japanese Published Unexamination Pa l^AtpiS^^ 

from glucose and inorganic phosphoric acid 74595/86) to the reaction system, and to synthesize ATP 

anAV"^ 

coupled wth the ATP regener^ys'm LsTd t&^JS^ T% * ATR Whe " the reaCtion ^stem 
a necessary amount is supplied and brought into he naact on svstem^m ht? Y "T ° ° *' °' ^ When 
particularly supplement ATP Examples of the strain! M T aCte " a ° r a culture ' 11 is unnecessary to 

ni^KY13761 strainer' ^ 

etc. ' — ' 4(J5(i978)|, Brevibactenum a mmoniaoenes ATC.r. 31 at, 

b^Ksss^ ~- when inosine — 

ATP regeneration, inosine in the tLe^mi^^^!^^^^ nUC ' e ° Side and 38 3 SOUrCS of 
sine^o that an efficient process for producing 5 4 MP^^,S h a , 2rS^ ISr 09 PUri,iCa,i ° n °' "~ 

The reaction for forming 5 '-nucleotides from inosine or guanosine and ATF • *, hItIT V . 
of 20 to 40'C for 1 to 48 hours while adiustinn nw t„ « V f ! J P ls carned out at a temperature 

As the surfactant uZf ,7 w t ^ 1'? J17 "r*' P . re,erab| y b * ad ^9 a surfactant and/or an organic solvent. 

cationic surfactants such ^SSS^S^^S^^ n° ^ be US6d SUrfaCtants inc,udin 9 

Co., Ltd, hereafter the -amS.^^^ 

cation F2-40E. etc, anionic surfactants such as sodium o^an^^^^^ Cati ° n FB ' 

surfactants such as polyoxyethylene sorbitan monostearate (e g Nonion ST221? \l ,2ole 80 - fL c " : am P"°tenc 

& imethylamine, etc, any other surfactants m™ h» „«.h i . ? } ' C " tert,ary amine PB - hexadecyld- 

from nucleosides and ATP or d^ 35 aCC6 ' erate the reac,ion ° f f °™9 S'-nucleotides 

preferably 1 to 20 mg/mf surfactants may be used generally in a concentration of 0.1 to 50 mg/m€. 

m aype7gTn^ 
3^0?^ 

Brief Des cription of the Drawings 

.™ F toS ^ToTaT' P ' a8m *' " BM2 C0 °' ainin9 8 ""» ^-guanos™ Kinase 

^^Z^S^ITJZ ? XT P ' aSmia 4,4 in ™^°^«™^°^ e ^ 

no h^,,rZ:«« M PBSmi ° PBMM5 * "**" * •"«""' °< ™*ne- gu a- 

Fig. S is a restriction enzyme map of vector pTrS30. 

Hg. 7 is a restriction enzyme map of plasmid P IK75 which efficiently expresses inosine ntiann ■,■ 
Fig. 8 shows a nucleotide sequence at the junction betw«Pn .h« ,„ e , Xpr ® SSes inos ' n e-guanos.ne kinase, 
•nosine-guanosine kmase. ,he tr yP ,0 P han Promoter and the structural gene of 

.rorn ?sche S r, a h7a S c f g^"ri: aP °' ^ PBM ' a Q™ encoding inos.ne-guanosine kinase derived 
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Example 1 
(1) Isolation of DNA 



10 



15 



Es^e^^HM70 strain was 
chloTidil^T?)] followed by cu.turing at 3TC = ,# ^^^."S^n (20 mg/m< isozyme was 
20mMT,i S -hydrochloridebu^ 

dissolved in 20 mM Tris-hydrachlor.de buff er(pH 7 f^^^ um laury sultate was added thereto and the mixture 
was allowed to stand at 30'C for ^"^^ buffer containing 1 mM EDTA was 

was slowly stirred. Next, 1 50 m€ of phenol sa urW n o mM . y ^ was 

added to the solution followed by thoroughly 8t.rr.ng. The solu, ' 0 ^= ".^l 9 ^ 150 m€ of the obtained aqueous layer 
fractionated. Such procedure for the pheno. «^X2r^ chromosorna. DNA 

were added 15 m€ of 2.5 M sodium acetate soluuon ^J^^J^^ * 30 m« of 10 mM Tris-hydro- 
was wound up around a 9 las t;^A so ^m€^o^o^SS w^ddecd to the solution. The mixture-was a.lowed 
chloride buffer containing 1 mM EDTA and 50 u.g/m<! ™ u<9e ™* "J eylrac ti 0 n as described above was performed. 3 
to stand at 37'C for 30 minutes. After the , «n. ^PJ^^S^^^^ ^ by standing at 
m€ of 2.5 M sodium acetate solution and I 60 m was washed with 70% ethanol solution and dried to give 



20 mM EDTA 



(2) Preparation of recombinant DNA 

S,u3A, was added » *. —3 ' « - "0^™^,* S J^STlSSS 

■ sest^Se^ratoly.B^^ 

o( 1 M Tris-hydrochloride burler (pH B.0) was added ™«"°« ^ by me 5ame proce- 

6S-C tor an hour. The digested chron«orneJ DNA and vector DNA deee»e P ^ ^ ^ <j| 

dures to, phenol extraction and ethanpl precrp .nation as n (t ).m* 100 ng « ffi ^ . 

pr.r.ipdv.c.orDNAw.r.suspended.asol^ 

' a^er' Jto'sind ^-oZ^". - ligating *,orno,oma, DNA with vector DNA to - a recom- 

binant DNA. 

(3) Preparation of »« Escherichia co.i strain with the recombinant DNA introduced therein 

" Es^h^c^HM70s^^ 

The^ial^rvested by centrifugation at ^^^^^^^^^ co.lected by the same 
chloride solution. After the suspense was allowed I to £tend ch , oride solution . The SUS pension 

centrifugation as described above and • « OC « ^^J* ^ M2) Ind the mixture was allowed to stand at 

<o was mixed with the soiution ^^^^^^^^^ smeared on minimum agar plat, medium 

(4) Isolation of DNA encoding inosine-guanosine kinase 

45 . ■ /0 \ in o t A a Haws Each of the colonies was cultured 

Several colonies appeared on the plate medium descnbed in , (3) . 2 to^ * J^Jf ~ h ° me01um con , aW „ 9 

a, 30-0 overnight in LB liouid medium. A parte. ™«°»<<"°™™^™™"^*^^ * colony wh.ch 
50 ug/m, amprcillin and 5 mM inosine. which »C lor 36 , « ^ k , nas . „ as M . 

grew well. name.,, a translorman, ce inyny. "^^^^^^J 1 ^ gen. was cultured in LB 

o^^^s - ™ — - - 

fJS.'SSSo strain was namedpBM, A «- 

E scre,^r™i^^^ 
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20 



25 



30 
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(5) Construction of the plasmid which highly expresses inosine-guanosine kinase and its introduction into a 
microorganism 

The structural gene of inosine-guanosine kinase is ligated downstream of tryptophan promoter of Escherichia coli , 
whereby inosine-guanosine kinase can be expressed in high efficiency. 

According to Molecular Cloning (pp. 86-96), plasmid pBM2 obtained in (4) was purified. Using restriction enzymes 
Smal (5 units) and Kpnl (5 units), 10 \xq of pBM2 was fully digested. The resulting digested product was treated with 
Exolll nuclease to prepare a mutant in which nucleotides located in the direction of the inserted fragment are deleted. 
Mutant plasmid pBMA1 4 (Fig. 4) in which the deletion had occurred up to 5' end of the inosine-guanosine kinase structural 
gene was selected. For construction of the deletion mutant, Deletion Kit for Kilo sequencing (manufactured by Takara, 
Japan) was used according to the brochure attached. This plasmid pBMA14 was digested with Pstl and Xbal and a 
mutant in which nucleotides located to the direction of the inserted fragment were digested by Exolll nuclease, was 
prepared in the same way. Thus, mutant plasmid pBMMS (Fig. 5) in which the deletion had occurred up to 3' end of the 
inosine-guanosine kinase structural gene was obtained. After 10 ng of pBMMS was digested with 10 units of restriction 
enzyme Hind II I, the digested end was made to be a blunt end using the DNA blunting kit. Ethanol was added to collect 
the DNA having a blunt end as a precipitate and this DNA was digested with restriction enzyme Sac I. The digested 
products was isolated by agarose gel electrophoresis and a fragment containing the inosine-guanosine kinase structural 
gene was recovered from the gel (using DNA Prep manufactured by Asahi Glass Co., Ltd.) The recovered fragment 
was inserted into Sacl-Nryl site of vector pTrS30 (Fig. 6) to give plasmid pIKI. Then 10 pg of pIKI was digested with 5 
units of C£al (C£al site in the inosine-guanosine kinase structural gene does not undergo digestion since it is generally 
modified by methylation). After the digested product was recovered as a precipitate by addition of ethanol, deletion was 
introduced at both of the digestion ends using nuclease BAL31. The deletion plasmid was recovered by precipitation 
by addition of ethanol followed by ligation treatment (ligation kit). The deletion plasmid was used for transformation of 
MC1000 strain. From the obtained transformants, various deletion plasmids were obtained. From these plasmids, plas- 
mid plK75 (Fig. 7) in which the inosine-guanosine kinase structural gene had been ligated right downstream of the 
Shine-Dalgarno sequence derived from the vector was selected. The nucleotide sequence at the junction between the 
tryptophan promoter and the inosine-guanosine kinase structural gene is shown in Fig. 8. Genetic engineering tech- 
niques such as digestion with restriction enzymes, etc. used in this section were performed according to Molecular 
Cloning, unless otherwise indicated. 

(6) Culture of a highly inosine-guanosine kinase-expressed microorganism 



When MC1000 strain carrying plasmid plK75 obtained in (5) [hereafter referred to as MC1000(plK75)] is cultured, 
high density culture method [Biotechnol. Bioeng., V7, 227-239 (1 975)] is appropriate. MC1000(plK75) strain was cultured 
55 by the high density culture method. 

MClO0O(plK75) strain was inoculated into 500 rr\f of seed medium having the following composition followed by 
culturing at 30°C for 16 hours. 

Composition of seed medium: 3.5 g/i KH 2 P0 4 , 3.5 g/f (NH 4 ) 2 HP0 4 , 1.0 g/f MgS0 4 . 7H 2 0, 5.0 g/f. glucose, 5.0 
g/f yeast extract, 3 rr\flf. trace element solution (sterilized at 120°C for 30 minutes by steam) 
40 Composition of trace element solution: 27 g/f FeCI 3 .6H 2 0, 2 g/f. ZnCI 2 .4H 2 0, 2 g/f CoCI 2 .6H 2 0 2 g/f 

Na 2 Mo0 4 -2H 2 0, 1 g/f CaCI 2 -2H 2 O t 1 g/f CuCl 2 , 0.5 g/f H 3 B0 3 , 100 mf/f cone. HCI 

Next. 3 t of a fermentation medium (medium obtained by further adding 10 g of KH 2 P0 4 -3H 2 0 and 5 g of 
MgS0 4 -7H 2 0 to 3 t of seed medium having the composition described above) was charged in a fermentation tank of 
7.5 t volume followed by sterilization at 120°C lor 30 minutes with steam. After 150 mt of 50% (w/v) sterile glucose 
** solution was added to the fermentation tank. 500 mr of the seed medium in which MC10O0 (plK75) had been cultured 
was added. 

While adjusting the pH to 6.8 with 5.5 M aqueous ammonia, culture was continued for 24 hours with agitation (6000 
rpm) and aeration (3 i /mm). In 4 to 6 hours after initiation of culture, a glucose concentration in the culture was reduced 
to 2.5°/o or less From this point. 50% (w/v) glucose solution was continuously fed tn the fermentation tank little by little 
50 to maintain the glucose concentration in the culture at 2 to 3%. (The culture was centnfuged and the cells recovered as 
precip.taies were stored at -20°C. The cells were used in the following (7) and (9). Furthermore the medium after com- 
pletion of the culture was frozen at -20°C and thawed al 30°C immediately before use in the following (10)). 

(7) Purification of inosine-guanosine kinase 

After 6 g of the -20°C-stored cells which had been obtained in (6) was suspended in 24 mt of purification buffer 
[20% glycerol. 50 mM Tris-hydrochlonde buffer (pH 8) and 5 mM (i-mercactoethanolj. the si*->pension was disrupted 
with a homogenizer (manufactured by Brown Biotech Co., Ltd., glass bead diameter of 0.1 mm). The homogenate was 
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centnfuged to give about 20 nrtf of the supernatant. Protamine sulfate was added to the supernatant in a final concen- 
tration of 0.4% followed by centrifugation. Thus high molecular nucleic acid components were removed as precipitates. 
The resulting supernatant was passed through Sephadex G-50 column which had been previously equilibrated with the 
purification buffer. The column was eluted with the purification buffer to give about 30 m€ of desalted active fraction. 
After the fraction was passed through DEAE Sepharose column which had been previously equilibrated with the purifi- 
cation buffer, 60 m£ of the purification buffer containing O.t M NaCI was added thereto. Then the desired enzyme was 
eluted with 200 m£ of the purification buffer having an NaCI linear concentration gradient of 0.1 M to 0.6 M. From the 
active fractions eluted, 3 m£ of the fraction having the highest enzyme concentration was collected. This active fraction 
was passed through 'Sephacryl S-200 column and eluted with the purification buffer containing 0.1 M NaCI. By gel 
filtration, the active fraction was collected. Finally 10 m€ of solution purified enzyme (1.4 ng protein/m£) was obtained. 
This purified enzyme was analyzed by SDS-polyacrylamide electrophoresis and no impurity was detected. The enzyme 
is stably stored at -20°C in the purification buffer containing 0.1 M NaCI. 

(8) Culture of a microorganism capable of regenerating ATP 

Brevibacterium ammoniaqenes KY13761 strain was cultured at 30°C for 2 days on a seed agar medium plate 
prepared by adding 25 g/£ agar to a seed medium having the composition described in Table 7. The obtained cells were 
inoculated into 30 m£ of seed medium contained in an Erlenmeyei J s flask of 250 m€ volume followed by shaking culture 
at 30°C for 24 hours. 

The 30 m£ of the resulting culture was inoculated into 3 £ of seed medium having the composition described in 
Table 7, in a fermentation tank of 5 £ volume. While adjusting pH to 6.8 with 5.5 M aqueous ammonia, culture was 
continued for 24 hours with agitation at 600 rprn and aeration of 3 £/rr\\n. 

300 m*? of the obtained culture was inoculated into 3 t of fermentation medium having a composition described in 
Table 7, in a fermentation tank of 5 £ volume. While adjusting pH to 6.8 with 5.5 M aqueous ammonia, culture was 
continued at 32°C for 42 hours with agitation at 600 rprn and aeration of 3 f/min. [The medium was centrifuged and the 
cells recovered as precipitates were stored at -20°C. The cells were used in the following (9). Furthermore the medium 
(containing about 30 gff. of inosine) after completion of the culture was directly frozen at -20° C and thawed at 30°C 
immediately before use in the following (10)]. 



Table 7 



Composition (g/X) 


Seed Medium 


Fermentation Medium 


Glucose 


50 


150 


KH2PO4 


1 


10 


K 2 HP0 4 


3 


10 


MgS0 4 • 7H20 


1 


10 


CaCi2 * 2H2O 


0.1 


0.1 


FeS04 • 7H 2 0 


0.01 


0. 01 


ZnS0 4 • 7H 2 0 


0. 001 


0. 001 


MnS0 4 - 4-6H 2 0 


0. 004 


0.004 


L-Cystein -HC1 


0. 02 


0. 02 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



Thi amine 


0. 005 


0. 005 


Ca-D- pantothenate 


0. 01 


0. 01 


Nicotinic aicd 


none 


0 . 005 


Biot i n 


30 yg/2 


30 ug/i 


Urea 


5 


2 


( NK 4 ) 2 S0 4 


5 


none . 


Meat extract 


none 


10 


Pol ypeptone 


10 


none 


Yeast extract 


10 


none 


Adenine 


0.3 


0.2 




7.2 


8.3 



[used after steam sterilization (120°C, 30 minutes)] 
(9) Production of S'-nucleotides from nucleosides by resting cell reaction 

While maintaining at 32°C by strongly stirring 20 m€ of a solution having composition shown in Table 8, reaction 
was carried out for 24 hours, while keeping pH at 7.2 using 4 N NaOH. A small amount of ine reaction mixture was 
subjected to sampling intermittently to determine concentrations of phosphoric acid, inosine and 5*-IMP in the mixture. 
For quantitative assay for phosphoric acid, Phospho B-test WAKO (manufactured by Wako Pure Chemical Industry Co., 
Ltd.) was used and a difference between measurement data every time and initial addition was complemented to keep 
the concentration of phosphate ion constant by adding monopotassium phosphate. Concentrations of inosine and 5-1 MP 
were quantitatively determined by HPLC according to a modification of the method described hereinbefore. About 100 
g/f of S'-IMP (calculated as disodium 7.5 hydrate) was produced from about 50 g/i oi initial inosine 24 hours after starting 
the reaction. In this case, the molar conversion rate was 90% or more. When guanosine was added instead of inosine, 
5'-GMP was produced in a molar conversion rate of 90% or more with similar time course. 

Table 8 



Composition of reaction solution 


KY13761 strain 


200 g wet cell weight/* 7 


MC1000 (plK75) strain 


20 g wet cell weights 


Inosine 


50 g/e 


Monopotassium phosphate 


20 g/i 


Glucose 


30 g/e 


Magnesium sulfate 


5 g/e 


Xylene 


10 mf/f 


Nymeen S-215 


4g// 


Phytic acid 


Sg/t 



(10) Production of S'-IMP from inosine using jnosine fermentation medium 

After completion of fermentation, about 30 g/f of inosine was accumulated in the medium obtained in (8) above. As 
indicated in Table 9, 20 m* of a reaction mixture containing this'medium was prepared. In a manner simiiar to (9), while 
keeping at 32*C with vigorously stirring and also keeping pH at 7.2 with 4 N NaOH. a reaction was carried out for 13 
hours. During the course of reaction, monopotassium phosphate was added as in (9). From 23.5 g/t of initial inosine.. 
46 g// of 5'-IMP was produced and accumulated. Also in this case, its molar conversion rate was 90% or more, as in (9). 
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Table 9 

Composition of reaction solution 
Inosine culture broth 
(containing KY13761 cells) 15.7 i„£ 
MCl000lpIK75) culture broth 1.82 mi 
Monopotassium phosphate 0.4 g 

Glucose 0,7 g 

Magnesium sulfate 0- 1 9 

0 . 2 mi 

Xylene 

_ e 80 mg 

Nymeen S-21 o 

100 n 9 

phytic acid 

"(Distilled water is added to the foregoing 
components until 20 mi). 



Example 2 
(1) Isolation of DNA 



chloride buffer containing 1 mM EDTA. 

(2) Preparation of recombinant DNA 

1 u g of chromosomal DNA obtained in Example 2 (1) m place 01 me w 

(3) Preparation of an E^erichia coji strain, with the recombinant DNA introduced therein 

.o 1q h into <;n mf of LB liaJid medium followed by culturing at 37° C for 4 hours. 
Escherichia cgli DHI strain was moculated .nto 50 ml _of LB > Wia m Q( 5Q mM calcjum 

The bacteria halted by centrifugation at ^^^^^nH- cells were collected by the same 
ch.oride solution. The suspension was flowed to stand at 0 C ^ » ™ ch|oride solutjon . The suspen sion 

centrifugation as described above and sus P end °^° itaTned in Example 2 (2) and the mixture was allowed to 
was m,xed with the solution containing recombinant ^St^ STrSbaure was smeared on LB agar medium 
stand at CC for ^^^^^^^^^ of ampici.lin. 0.1 mM isopropylthiogalacto- 
niate ILB liauid medium containing 1.5 /o agar) suppieniei 

by the method shown below. 

(4) Isolation of DNA encoding mosine-guanosine kinase 

E^c^^ce.lsconta.ning^^^^ 
.ratioT^sl^gwetcell.weigh^ concentration of 10 ml/*. After thoroughly 

and 5 mM magnesium sulfate. Xy^ne was added to the W-~«u^ was gnalyzed by HPLC a d 

stirring, the mixture was allowed to stand at ^ ^^^^ Almost a „ lra nslormants did not produce 5'-IMP 
• amount o, 5MMP in the reaction ^^^^^^ SSoO samples. The thus obtained S'-IMP-pro- 
but S'-IMP-producing bacteria were obtained in a propomon o. 
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ducing bacteria are transformants carrying a recombinant DNA containing an inosine-guanosine kinase gene. 

The obtained transformants were cultured at 30°C overnight in LB liquid medium and the cells were collected. 
Thereafter plasmid DNA was isolated by the method described in Molecular cloning and its nucleotide sequence was 
determined by the dideoxy method. The nucleotide sequence of the structural gene moiety of inosine-guanosine kinase 
is as shown in Table 5. 

The thus obtained recombinant DNA containing the gene encoding inosine-guanosine kinase derived from Es- 
cherichia coli W3110 strain was named pBMI. A restriction enzyme map of pBMI is shown in Fig. 9. 

(5) Preparation of 5'-IMP 

Transformant Escherichia coli HMI (FERM BP-2669) transformed with recombinant DNA pBMI obtained in Example 
2 (4) was cultured at 30°C for 16 hours in 400 me of LB liquid medium (containing 50 jig/ml of ampicillin). The medium 
was then centrifuged to recover the cells. For control, the culture cells of Escherichia coli DHI/pUC1 9 containig vector 
pUC1 9 alone were obtained in a manner similar to the above. After 20 me of a solution of Table 1 0 containing the obtained 
cells was reacted at 30°C for an hour, the amount of 5'-IMP produced in the solution was quantitatively determined by 
HPLC and found to be 5 mg. When the cells from the strain carrying the vector for control were used, no 5'-IMP was 
detected in the solution. 
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Composition of reaction solution 


Cell 


100.g wet cell weight/€ 


Inosine 


10mM 


ATP 


10 mM 


Tris-hydrochloride buffer (pH 8.0) 


100 mM 


Magnesium sulfate 


5 mM 


Xylene 


10m^ 



(6) Preparations 5'-GMP 

Transformant Escherichia coli HMI carrying recombinant DNApBMI obtained in Example 2 (4) was cultured at 30°C 
for 1 6 hours in 400 m€ of LB liquid medium (containing 50 u.g/m€ ampicillin). The medium was then centrifuged to recover 
the cells. For control, the culture cells of Escherichia coli DHI/pUCI9 containing vector pUCI9 alone were obtained in a 
manner similar to the above. After 20 me of a solution of Table 11 containing the obtained cells was incubated at 30°C 
for an hour, the amount of 5'-GMP produced in the solution was quantitatively determined by HPLC and found to be 2 
mg.. When the cell of the strain carrying the vector for control was used, no 5'-GMP was detected in the solution. 

Table 11 



Composition of reaction solution 


Cell 


1 00 g wet cell weight/^ 


Guanosine 


10mM 


ATP 


10mM 


Tris-hydrochlortde buffer (pH 8.0) 


100 mM 


Magnesium sulfate 


5 mM 


Xylene 


10 mf/f 



(7) Amplification of activity by genetic engineering 

By ligating SD sequence and strong promoter sequence upstream the inosine-guanosine kinase structural gene by 
genetic engineering technique, expression of inosine-guanosine kinase can be amplified. The amplification can be made 
as follows. 

After 20 uJ of a solution containing 1 u^g of plasmid pBMI obtained in Example 2 (4) was fully digested with 1 0 units 
of BamHI, 10 units of Sad and 10 units of Seal, 2.8 kb fragment containing the inosine-guanosine kinase structural 
gene was isolated and purified by agarose gel electrophoresis (Molecular Cloning). After the purified fragment was 
digested with BAL31 nuclease at 37°C for 10 minutes, phenol extraction and ethanol precipitation were performed to 
obtain a DNA fragment having deletion at the end. Separately, 10 units of Smal was added to 20 nf of a solution 
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containing 1 u.g of vector pUCI9 for full digestion. Then 2 u.€ of 1 M Tris-hydrochloride buffer (pH 8.0) was added and 
further 5 units of alkaline phosphatase was added thereto followed by reaction at 65° C for an hour. The purified inos- 
ine-guanosine kinase gene-containing DNA fragment (100 ng) and 20 ng of alkaline phosphatase-treated vector DNA 
were suspended in a solution containing 66 mM Tris-hydrochloride buffer (pH 7.6), 66 mM magnesium chloride, 10 mM 
DTT and 0.1 mM ATP. To the suspension were added 10 units of T4 ligase. The mixture was reacted at 14°C for 16 
hours to ligate both DN As, thereby to obtain a recombinant DNA. The recombinant DNA was introduced into Escherichia 
coli DHI strain in a manner similar to Example 2 (3). The obtained transformants were cultured in a manner similar to 
Example 2 (3). The inosine-guanosine kinase activity was determined in a manner similar to Example 2 (4) and a strain 
having a high S'-IMP productivity was selected. The strain was named Escherichia coli 3M100 strain. In recombinant 
plasmid carried by Escherichia coli BM100 strain, lactose promoter sequence was ligated upstream the inosine-gua- 
nosine kinase structural gene in a correct direction. 
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(8) Preparation of 5'-IMP 

Escherichia coli BM100 strain was cultured in 400 m€ of LB liquid medium (containing 50 u.g/m£ ampicillin) at 30°C 
for 16 hours. Centrifugation gave the cells. After 20 nrtf of a solution given by Table 1 2 containing the obtained cells and 
a strain having ATP regenerating activity (Japanese Published Unexamined Patent Application No. 74595/86) was in- 
cubated at 30° C for 20 hours at pH of 7.6, the amount of 5'-IMP produced in the solution was quantitatively assayed 
and found to be 25 g/€ (calculated as the hydrate). Also in the case of using a strain carrying a recombinant DNA 
containing a DNA molecule, in which part of the structural gene, i.e., the DNA sequence coding for the amino-acid 
sequence subsequent to the 8th Leu from the C terminal is modified to code for the following amino acid sequence: 

GlyMetGlnAlaGlyThrGluLeuGluPbeThrG lyAr gAr gPheThrThr Ser , 

a similar titer can be obtained. 

Table 12 
Composition of reaction solution 

Cells of Br e vi bact er i urn ammoni agenes 200 g wet cell 

ATCC21 477 ( ATP-r egener ating cell) weight/* 

Inosine-guanosine kinase 25 g wet cell 

amplified Escher ichia col i weight/I 

inosine 12.5 g/1 

Monopot assi um phosphate 20 g/£ 

Glucose 50 g/£ 

Magnesium sulfate 5 g/i 

Xylene 10 mi/1 



Industrial Applicability 

According to the present invention, inosine-guanosine kinase derived from a microorganism belonging to the genus 
Escherichia can be provided. In addition! clarification of various properties of the enzyme for the first time has led to 
industrial utilization thereof. Furthermore. DNA encoding the enzyme has been isolated. Using as a catalyst a microor- 
ganism containing the recombinant DNA obtained by introducing this DNA into a vector. S'-nucleotides. e.g., 5'-IMP or 
S'-GMP. can be produced from nucleosides, e.g.. inosine or guanosine. in a high conversion rate. 



Claims 

55 

Claims for the following Contracting States : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 

1. A purified inosine-guanosine kinase having the following physicochemical properties: 
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(1) Action 

The enzyme has an action of forming adenosine diphosphate (ADP) and 5'-inosinic acid (5'-IMP) from 
adenosine triphosphate (ATP) and inosine, an action of forming deoxyadenosine diphosphate (dADP) and 
5'-IMP from deoxyadenosine triphosphate (dATP) and inosine, an action of forming ADP and 5'-guanylic acid 
(5*-GMP) from ATP and guanosine, and an action of forming dADP and 5-GMP from dATP and guanosine. 

(2) Optimum pH 

6.9-8.2 

(3) pH stability 

The enzyme is stably kept in a pH range of 6.6 to 9.0 by treatment at 4°C for 16 hours. The addition of KCI 
ameliorates stability during storage. 

(4) Optimum temperature 

25-40°C 

(5) Temperature stability 

Stable up to 40°C by treatment at pH of 8.0 for 15 minutes 

(6) Substrate specificity 

Phosphoric acid at the 7-position of ATP or dATP used as phosphate donors is transfered to inosine or. 
guanosine used as phosphate acceptors. 

(7) Inhibitors 

Metal ions of Co 2+ , Cu 2+ and Zn 2+ 

(8) Activation 

The enzyme requires one of the two ion groups: one is K + and Mg 2+ , and the other K + and Mn 2+ . 

(9) Km value 

Km value in the reaction solution composed of 2 mM ATP, 10 mM MgS0 4 , 300 mM KCI and 0.1 M HEPES 
buffer (pH 7.2) is 2.1 mM for inosine and 6.1 u^Mfor guanosine. 

(10) Molecular weight 

Molecular weight deduced from the amino acid sequence is about 48,400 daltons; according to measure- 
ment by SDS-polyacrylamide electrophoresis, molecular weight is about 43,000 daltons. 

A purified inosine-guanosine kinase represented by the following amino acid sequence: 
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1 MetLysPheProGlyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 
21 LeuLeuGlnGlnPheGlnProGluAsnGluThrSerAlaAlaTrpValValGlylleAsp 
41 GlnThrLeuValAspIleGluAlaLysValAspAspGluPhelleGluArgTyrGlyLeu 
61 serAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrGlnGluLeu 
81 LysGlnLysAsnLeuIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrMetHis 
101 AsnTyrSerValLeuAlaAspAspArgSerValLeuLeuGlyValMetCysSerAsnlle 
121 GluIleGlySerTyrAlaTyrArgTyrLeuCysAsnThrSerSerArgThrAspLeuAsn 
141 TyrLeuGlnGlyValAspGlyProIleGlyArgCysPheThrLeuIleGlyGluSerGly 
161 GluArgThrPheAlalleSerProGlyHisM^tAsnGlnLeuArgAlaGluSerllePro 
181 GluAspVallleAlaGlyAlaSerAlaLeuValLeuThrSerTyrLeuValArgCysLys 
201 ProGlyGluProMetProGluAlaThrMetLysAlalleGluTyrAlaLysLysTyrAsn 
221 ValProValValLeuThrLeuGlyThrLysPheVallleAlaGluAsnProGlnTrpTrp 
241 GlnGlnPheLeuLysAspHisValSerlleLeuAlaMetAsnGluAspGluAlaGluAla 
261 LeuThrGlyGluSerAspProLeuLeuAlaSerAspLysAlaLeuAspTrpValAspLeu 
281 ValLeuCysThrAlaGlyProIleGlyLeuTyrMetAlaGlyPheThrGluAspGluAla 
301 LysArgLysThrGlnKisProLeuLeuProGlyAlalleAlaGluPheAsnGlnTyrGlu 
321 PheSerArgAlaMetArgHisLysAspCysGlnAsnProLeuArgValTyrSerHisIle 
341 AlaProTyrMetGlyGlyProGluLysIleMetAsnThrAsnGlyAlaGlyAspGlyAla 
361 LeuAlaAlaLeuLeuHisAspIleThrAlaAsnSerTyrHisArgSerAsnValProAsn 
381 SerSerLysHisLysPheThrTrpLe'uThrTyrSerSerLeuAlaGlnValCysLysTyr 
401 AlaAsnArgValSerTyrGlnValLeuAsnGlnHisSerProArgLeuThrArgGlyLeu 
421 ProGluArgGluAspSerLeuGluGluSerTyrTrpAspArg 

3. A gene encoding an inosine-guanosjne kinase having the amino acid sequence as defined in claim 2. 

4. The gene as claimed in claim 3. wherein said gene is shown by the following nucleotide sequence: 
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1 ATGAAATTTC CCGGTAAACG TAAATCCAAA CATTACTTCC CCGTAAACGC 

51 ACGCGATCCG CTGCTTCAGC AATTCCAGCC AGAAAACGAA ACCAGCGCTG 

101 CCTGGGTAGT GGGTATCGAT CAAACGCTGG TCGATATTGA AGCGAAAGTG 

151 GATGATGAAT TTATTGAGCG TTATGGATTA AGCGCCGGGC ATTCACTGGT 

201 GATTGAGGAT GATGTAGCCG AAGCGCTTTA TCAGGAACTA AAACAGAAAA 

251 ACCTGATTAC CCATCAGTTT GCGGGTGGCA CCATTGGTAA CACCATGCAC 

, s 301 AACTACTCGG TGCTCGCGGA CGACCGTTCG GTGCTGCTGG GCGTCATGTG 

. 351 CAGCAATATT GAAATTGGCA GTTATGCCTA TCGTTACCTG TGTAACACTT 

401 CCAGCCGTAC CGATCTTAAC TATCTACAAG GCGTGGATGG CCCGATTGGT 

451 CGTTGCTTTA CGCTGATTGG CGAGTCCGGG GAACGTACCT TTGCTATCAG 

501 TCCAGGCCAC ATGAACCAGC TGCGGGCTGA AAGCATTCCG GAAGATGTGA 

25 551 TTGCCGGAGC CTCGGCACTG GTTCTCACCT CATATCTGGT GCGTTGCAAG 

601 CCGGGTGAAC CCATGCCGGA AGCAACCATG AAAGCCATTG AGTACGCGAA 

651 GAAATATAAC GTACCGGTGG TGCTGACGCT GGGCACCAAG TTTGTCATTG 

701 CCGAGAATCC GCAGTGGTGG CAGCAATTCC TCAAAGATCA CGTCTCTATC 

751 CTTGCGATGA ACGAAGATGA AGCCGAAGCG TTGACCGGAG AAAGCGATCC 
GTTGTTGGCA TCTGACAAGG CGCTGGACTG GGTAGATCTG GTGCTGTGCA 

851 CCGCCGGGCC AATCGGCTTG TATATGGCGG GCTTTACCGA AGACGAAGCG 

901 AAACGTAAAA CCCAGCATCC GCTGCTGCCG GGCGCTATAG CGGAATTCAA 

951 CCAGTATGAG TTTAGCCGCG CCATGCGCCA CAAGGATTGC CAGAATCCGC 

1001 TGCGTGTATA TTCGCACATT GCGCCGTACA TGGGCGGGCC GGAAAAAATC 

1051 ATGAACACTA ATGGAGCGGG GGATGGCGCA TTGGCAGCGT TGCTGCATGA 

1101 CATTACCGCC AACAGC7ACC ATCGTAGCAA CGTACCAAAC TCCAGCAAAC 

so 1151 ATAAATTCAC CTGGTTAACT TATTCATCGT TAGCGCAGGT GTGTAAATAT 

1201 GCTAACCGTG TGAGCTATCA GGTACTGAAC CAGCATTCAC CTCGTTTAAC 

1251 GCGCGGCTTC CCGGAGCGTG AAGACAGCCT GGAAGAGTCT TACTGGGATC 

1301 GT 
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5. The gene as claimed in claim 3 or 4, wherein said gene is derived from Escherichia coM. 

6. A recombinant DNA obtained by inserting into a vector a DNA fragment containing a gene as defined by any one 
of claims 3 to 5. 

7. A microorganism carrying a recombinant DNA as defined by claim 6. 

8. The microorganism as claimed in claim 7, wherein said microorganism is Escherichia coli. 

9. A process for preparing an inosine-guanosine kinase which comprises culturing in a medium a microorganism 
belonging to the genus Escherichia and carrying a recombinant DNA as defined in claim 6 to produce and accu- 
mulate the inosine-guanosine kinase in the cultured cells and collecting the inosine-guanosine kinase from the 
culture. 

1 0. A process for preparing 5' -IMP or 5' -GMP which comprises reacting inosine or guanosine with a phosphate donor 
in an aqueous medium in the presence of an enzyme source which is (1) ajpu^il^Jn^ 

defined in claim 1 or 2 or (2) a cell, a culture broth or a treated matter of the microorganism as"9efined bydaim 7 
"to produce and accumulate 5' -IMP or 5' -GMP in the reaction mixture, and collecting 5'-IMP or 5' -GMP from the 
reaction mixture. 

1 1 . The process for preparing 5' -IMP or 5' -GMP as claimed in claim 10, wherein said phosphate donor is ATP or dATP. 

1 2. The process for preparing 5' -IMP or 5' -GMP as claimed in claim 10, wherein said microorganism is a microorganism 
belonging to the genus Escherichia . 

Claims for the following Contracting State : ES 

1. A process for preparing an inosine-guanosine kinase which comprises culturing in a medium a microorganism 
belonging to the genus Escherichia and carrying a recombinant DNA obtained by inserting into a vector a DNA 
fragment containing a gene encoding an inosine-guanosine kinase having following amino acid sequence. 
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1 MetLysPheProGlyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 

21 LeuLcuClnGlnrheGlnProGluAsnGluThrSerAlaAlaTrpValValGlyHeAsp 

t\ 1 GlnThrLeuValAspIleGluAlaLysValAspAspGIuPhelleGluArgTyrGly^eu 

61 SerAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrGlnGluteu 

■ 81 LysGlnLysAsnLeuIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrMetHis 
101 AsnTyrSerValLeuAlaAspAspArgSerValLeuLeuGlyValMetCysSerAsnlle 
121 GIuIleGlySerTyrAlaTyrArgTyrLeuCysAsnThrSerSerArgThrAspLeuAsn 
14 1 TyrLsuGlnGlyValAspGlyProIleGlyArgCysPheThrLeuIleGlyGIuSerGly 
lol GluArsThrPheAlaIieSerProGlyHisMj?cAsnGlnLeuArgAlaGluSerIlePro 
181 GluAspVallleAlcGlyAIaSsrAlaLeuValLeuThrSerTyrLeuValArgCysLys 

■ 201 ProGlyGluProHstrroGluAlaThrMetLysAlalleGluTyrAlaLysLysTyrAsn 
221 ValrroValValLeuThrLeuGlyThrLysPheVallleAlaGluAsnProGlnTrpTrp 
24 1 G InG In Pfc e Leu Lys As pH i s Va 1 Se rile Le u Al aMe r As nGlu As pGlu A laGiu Ala 
26 i LeuThrGlyGluSsrAspProLsuLeuAlaSerAspLysAlaLeuAspTrpValAspLeu 
2Sl Va 1 LauCysTh rA laC ly Pre I le G lyLeuTy -Me z AiaClyPheTh rGlu As pGlu Ala 
301 Ly^ ArgLysThrGlnHisProLeuLeuPrcGlyAlalleAlaGluPheAsnGlnTyrGlu ■ 
321 PheSerArgAlaXa tArgHis Lys As pCysG In AsnPr oLeuArgValTyr Ss rh'is lie 
341 AlaProTyrHetGlyGiyProGluLysIleMe uAsnThrAsnGlyAlaGlyAspGIyAla 
3&1 LeuAlaAlaLeuLsuHisAspIleThrAlaAsnSerTyrHisArgSsrAsnValProAsn 
33 1 Se r Se r Ly sHis Lys rheT^ rT r p Le ulh r Ty rSe rSer Leu A laG In ValCysLy sly r 
401 AlaAsnArgValSerTyrGlnValLeuAsnGlnHisSerProArgLeuThrArsGlyLeu 
421 PrcGl-jArgGlvjAspSerLeuGluGluSerTyrTrpAspArg 

2. The process according to claim i characterized in that an inostne-guanosine kinase is prepared having the following 
phystcochemical properties : 

(1) Action 

The enzyme has an action of forming adenosine diphosphate (ADP) and 5'-mosinic acid (5'-IMP) from 
adenosine triphosphate (ATP) and mosine. an action of forming deoxyadenosine diphosphate (dADP) and 
5MMP from deoxyadenosine triphosphate (dATP) and inosine. an action of forming ADP and S'-guanylic acid 
(5'-GMP) from AT? and guanosine. and.an action of forming dADP and 5'-GMP from dATP and guanosine. 

(2) Optimum pH 

6.9-8.2 

(3) pH stability 

The enzyme is stably kept in a pH range of 6.6 to 9.0 by treatment at 4°C for 16 hours. The addition of KCI 
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ameliorates stability during storage. 

(4) Optimum temperature 

25 - 40° C 

(5) Temperature stability 

Stable up to 40°C by treatment at pH of 8.0 for 15 minutes 

(6) Substrate specificity 

Phosphocic acid at the 7-position of ATP or dATP used as a phosphate donors is transfered to inosine or 
guanosine used as phophate acceptors, 

(7) Inhibitor 

Metal ions of Co 2+ , Cu 2+ and Zn 2+ 

(8) Activation 

The enzyme requires one of the two ion groups: one is K + and Mg 2+ , and the other K + and Mn 2+ . 

(9) Km value 

Km value in the reaction solution composed of 2 mM ATP, 10 mM MgS0 4 , 300 mM KCI and 0.1 M HEPES 
buffer (pH 7.2) is 2.1 mM for inosine and 6.1 u.M for guanosine. 

(10) Molecular weight 

Molecular weight deduced from the amino acid sequence is about 48,400 daltons; according to measure- 
ment by SDS-polyacrylamide electrophoresis, molecular weight is about 43,000 daltons. 

The process according to claim 1 characterized in that the gene contained in the DNA fragment inserted into the 
vector has following nucleotide sequence. 
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1 A7GAAA777C CCGG7AAACG 7AAA7CCAAA CAT7ACTTCC CCGTAAACGC 

51 ACGCGATCCG CTGCTTCAGC AATTCCAGCC AGAAAACGAA ACCAGCGCTG 

101 CCTGGGTAGT GGGTATCGAT CAAACGCTGG TCGATA7TGA AGCGAAAG7G 

151 GA7GA7GAA7 77A77CAGCG 77A7GGA77A AGCGCCGGGC A77CAC7GG7 

201 GA77GAGGA7 GA7G7AGCCG A AGCGC777A 7CAGGAAC7A A A A C A G A A A A 

251 ACC7GA77AC CCA7CAG777 GCGGG7GGCA CCA77GG7AA CACCA7GCAC 

301 AAC7AC7CGG 7GC7CGCGGA CGACCG77CG G7GC7GC7GG GCG7CA7G7G 

• 351 CAGCAA7A77 GAAA77GGCA G77A7GCC7A 7CG77ACC7G 7G7AACAC77 

4 01 CCAGCCG7AC CGA7C77AAC 7A7C7ACAAG GCG7GGA7GG CCCGA77GG7 

; -^51 CG77GC777A CGC7GA77GG CGAG7CCGGG GAACG7ACC7 77GC7A7CAG 

501 7CCAGGCCAC ATGAACCAGC 7GCGGGC7G A AAGCA77CCG GAAGA7G7GA 

551 77GCCGGAGC C7CGCCAC7G G77C7CACC7 CA7A7C7GG7 GCG77GCAAG 

601 CCGGG7GAAC CCA7GCCGGA AGCAACCA7G AAAGCCA77G AG7ACGCGAA 

651 GAAA7A7AAC' GT.-.CCGG7GG 7GC7GACGC7 GGG.CACCA AG 777G7CA77G 

701 CCGAGAA7CC CCaG7GC7CG CAGCAA77CC 7CAAAGA7CA CG7C7C7A7C 

751 C77GCGA7GA ACGAAGA7GA AGCCCAAG'CG 77GACCGGAG AAAGCGA7CC 

301 G77G77GGCA 7CTGACAAGG CGC7GGAC7G GG7AGA7C7G G7GC7G7GCA 

351 CCGCCGGGCC AATCGGC77G 7A7A7GGCGG GC777ACCGA AGACGAAGCG 

901 AAACG7AAAA CCCAGCA7CC GC7GCTGCCG GGCGC7A7AG CGG.AA77CAA 

951 CCAG7A7GAG 77TAGCCGCG CCA7GCGCCA CAAGGA77GC CAGAA7CCGC 

1001 7GCG7G7A7A 77CGCACA77 GCGCCG7ACA 7GGGCGGGCC GGAAAAAA7C 

1051 A7GAACAC7A A7GGAGCGGG GG A7GGCGCA . 77GGCAGCG7 7GC7GCA7GA 

1101 CA77ACCGCC AAG.-.GC7ACC A7CG7AGCAA CG7ACCAAAC 7CC.-.GCAAAC 

1151 A7AAA77CAC C7CC77AACT 7A77CA7CG7 7AGCGCAGG7 G7G7AAA7A7 

1201 ^CC7AACCC7C 7GACC7A7CA GG7AC7GAAC CAGCA77CAC C7CG777AAC 

1251 GCGCGGC77C CCCGACCC7G AAGACACCC7 GCAACAC7C7 7AC7GGCA7C 

1301 G7 

A process for preparing a gene encoding an inosine-guanosine kinase comprising the steps of cloning and isolating 
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a gene encoding an inosine guanosine kinase having the amino acid sequence as defined in claim 1 . 

5. The process according to claim 4 characterized in that the gene cloned and isolated is shown by the following 
nucleotide sequence : 
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1 A7GAA A777C CCGGTAAACG TAAATCCAAA CAT7ACTTCC CCGTAAACGC 

51 ACGCGATCCG CTGCTTCAGC AATTCCAGCC. AGAAAACGfA ACCAGCGCTG 

101 CCTGGGTAGT GGGTATCGAT CAAACGCTGG 7CGATA7TGA AGCGAAAG7G 

151 GATGA7GAA7 77A77GAGCG 77A7GGA7TA AGCGCCGGGC AT7CAC7GGT 

201 GA77GAGGA7 GA7G7AGCCG AAGCGC7TTA 7CAGGAACTA AAACAGAAAA 

251 ACC7GA77AC CCA7CAG77T GCGGG7GGCA CCA7TGG7AA CACCA7GCAC 

301 AACTAC7CGG 7GCTCGCGGA CGACCG77CG G7G.C7GC7GG GCG7CA7G7G 

351 CAGCAA7A77 GAAA77GGCA G77A7GCCTA 7CG7TACCTG 7G7AACACTT 

. 4 01 CCAGCCG7AC CGA7C77AAC 7A7C7ACAAG GCG7GGA7GG CCCGA77GGT 

.^51 CG77GCTT7A CGC7GA77GG CGAG7CCGGG GAACG7ACC7 7TGC7A7CAG 

501 7CCAGGCCAC A7GAACCAGC TGCGGGC7GA AAGCA77CCG GAAGA7G7GA 

551 77GCCGGAGC C7CGGCAC7G G77C7CACCT CA7A7C7GG7 GCG77GCAAG 

601 CCGGGTGAAC CCA7GCCGGA AGCAACCATG AAAGCCA77G AG7ACGCGAA 

651 GAAA7A7AAC G7ACCGG7GG TGC7GACGCT GGGCACCAAG 777G7CA77G 

701 CCGAGAA7CC GCAG7GG7GG CAGCAA77CC 7CAAAGA7CA CG7C7C7A7C 

751 C77GCGA7GA ACGAAGA7GA AGCCGAACCG 77GACCGGAG AAAGCGA7CC 

801 GT7G7TGGCA. 7C7GACAAGG CGC7GGAC7G GG7AGA7C7G G7GC7G7GCA 

851 CCGCCGGGCC AA7CGGC77G 7A7A7GGCGG GC777ACCGA AGACGAAGCG 

901 A A A C G 7 A A A A CCCAGCA7CC GC7GC7GCCG GGCGC7A7AG CGGAA77CAA 

951 CCAG7A7GAG 777AC-CCGCG CCA7CCGCCA CAAGGA77CC CAGAA7CCGC 

1001 7GCG7G7A7A 77CGCACA77 GCCCCG7ACA 7GGGCCGCCC GGAAAAAA7C 

1051 A 7 G A A C A C 7 A A7CGACCGGG GGA7GGCGC A 77GGCAGCG7 7GC7GCA7GA 

1101 CA77ACCGCC AAC.-.GC7ACC A7CG7AGCAA CG7ACCAAAC 7CCAGCAAAC 

1151 A7AAA77CAC C7CG77AAC7 7A77CA7CG7 7AGCGCAGG7 G7G7AAA7A7 

1201 GC7AACCG7G 7GAGC7A7CA GG7AC7GAAC CAGCA77CAC C7CG777AAC 

1251 GCGCGGC77G CCGGAGCG7G AACACAGCC7 GGAAGAG7C7 7AC7GGGA7C 

1301 G7 

6. The process claimed in claim 4 or 5, wherein said gene is derived from Eschericia coli . 
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7. A process for producing a recombinant DNA comprising the steps of inserting into a vector a DNA fragment con- 
taining a gene as prepared according to anyone of claims 4 to 6. 

8 A process for preparing 5' -IMP or 5' -GMP which comprises reacting inosine or guanosine with a phosphate donor 
tZ^lLZJin the presence of an enzyme source which is (1) an i - s --9 uan - l ^4^ D d ^ e a d s 
in claim 1 or (2) a cell, a culture broth or a treated matter of the microorganism carrying a recombinant DNA as 
deSin claim 7 to pro duce and accumulate 5' -IMP or 5' -GMP in the reaction mixture, and col.ect.ng 5MMP or 

5' -GMP from the reaction mixture. 

9. The process tor preparing 5'-l MP or 5' -GMP as claimed in claim 8, wherein said phosphate donor is ATP or dATP 

10. The process for preparing 5' -IMP or 5'-GMP as claimed in claim 8, vherein said microorganism is a microorganism 
belonging to the genus Escherichia. 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 

1. Gereinigte Inosin-Guanosin-Kinase mit den folgenden physikalisch-chemischen Eigenschaften: 

0) ^Daslnzym katalysiert die Bildung von Adenosindiphosphat (ADP) und 5'-lnosinsaure (5MMP) aus Aden- 
osintriphosphat (ATP) und Inosin, die Bildung von Desoxyadenosindiphosphat (dADP) und ff-IMP aus Des- 
oxyadenosintriphosphat (dATP) und Inosin, die Bildung von ADP und 5'-Guanylsaure (5<-GMP) aus ATP und 
Guanosin und die Bildung von dADP und 5'-GMP aus dATP und Guanosin, 
(2) pH-Optimum - 
6,9 -8,2, 

<3) ^da^zym ist stabil in einem pH-Bereich von 6,6 bis 9,0 bei einer I6stundigen Behandlung bei 4°C, die 
Zugabe von KCI verbessert die Stabilitat wahrend der Lagerung, 

(4) Temperaturoptimum 

25-40°C, 

(5) Temperaturstabilitat 

stabil bis zu 40°C bei einer 15minutigen Behandlung bei pH 8,0, 

(6) Substratsp^ ^ ^ r Po Bition von ATP oder dATP als Phosphatdonor wird auf Inosin oder Guanosin 
als Phosphatakzeptoren ubertragen, 

(7) Inhibitoren 

Metallionen von Co 2+ , Cu 2+ und Zn 2+ , 

( 8) Akt.v.emng ^ ^ ^ , one ngruppeh: die eine ist K + und Mg 2 + und die andere ist K + und 
Mn 2 V 

<9) K De^Km-Wert in der Reaktionslosung. die zusammengeselzt ist aus 2 mM ATP. 10 mM MgS0 4 , 300 mM 
KCI und 0.1 M HEPES-Puffer (pR 7 ; 2) betragt 2.1 mM fur Inosin und 6.1 uM fur Guanosin. 

r ^ 01 ^rMSiEg^wicht. das von der Aminosauresequenz abgeleitet ist. betragt etwa 48 400 Daltons. eine 
Messung durch SDS-Polyacrylamidelektrophorese ergibt em Molekulargewicht von etwa 43 000 Daltons. 

2. Gereinigte Inosin-Guanosin-Kinase mit der folgenden Aminosauresequenz: 
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1 Me tLysPheFcoClyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 

1 1 LeuLeuGlP.GlnPheCInProGluAsnGluThrSer.-.laAlaTrpVa lValGlyiieAsp 

<< I GiaThrLsuValAspIlsGIiiAIaLysValAspAspGIuPhelleGluArgTyrGlyLeu 

6 I SsrAlaGlyhisSerLsuValllaGIuAspAspValAIaGluAlaLeuTyrGinGluLeu 

3i LysGLnLysAsr.LeuIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrHetHis 

101 AsnTyrSerValLauAiaAspAspArgSerValLeuLeuGlyValMe tCysSerAsnlle 

121 GluIleGlySerTyrAlaTyrArgTyrLeuCysAsnlhrSerSerArsThrAspLeuAsn 

141 TyrLjSuGlnGlyValAspGlyProIleGlyArgCysPheThrLeuIleGlyGluSerGly 

161 GluArgThrPheAlalleSerProGlyHisMiBtAsnGlnLeuArgAlaGluSerllePro 

131 GluAspVallleAlaClyAlaSerAlaLeuValLsuThrSerTyrLcuValArgCysLys 

201 ProGlyCluProMetProGluAlaThrMetLysAlalleGluTyrAlaLysLysTyrAsn 

221 ValProValValLeuThrLeuGlyThrLysPheVallleAlaGluAsnProGlnTrpTrp 

241 GlnGlnPheLeuLysAspHisValSerlleLeuAlaMatAsnGluAspGluAIaGluAla 

261 LsuThrGLyGluSerAspProLeuLeuAlaSerAspLysAlaLeuAspTrpValAspLeu 

281 VaiLeuCysThrAlaGlyProIIeGlyLeuTyrMetALaClyPheThrGluAspGluAla 

30i Lys ArgLysThrGlnHisProLeuLeuProGlyAlaireAlaGluPheAsnGlnTyrGlu" 

321 PheSerArgAlaHetArgHisLysAspCysGlnAsnProLeuArgValTyrSarHislie 

341 AIaFro "y rM etGlyGlyProGluLysIleMetAsr.ThrAsnGlyAlaGIyAscGlyAla 

361 LeuAlaAlaLeuLeuKisAspIlsThrAlaAsnSerTyrHisArgSerAsnValProAsn 

331 Ser5erLysHisLys?heThrTrpLeuThrTyr5er5srLeuAlaGlnValCysLysTyr 

401 AlaAsnArgValSerTyrGlnValLeuAsnGinHisScrProArgLeuThrArgGlyLeu 

4 21 ProGluArgGluAspSsrLeuGluGluSerTyrTrpAspArg 

Gen. das eine Inosin-Guanosin-Kinase mit der Aminosauresequenz gemaG der Definition in Anspruch 2 codiert 
Gen nach Anspruch 3. wobei das Gen die folgende Nucleotidsequenz aufweist: 
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to 



16 



20 



25 



30 



35 



40 



45 



50 



55 



1 

101 

i5i 
201 



251 



301 
351 
<S01 

**5l 
501 
551 
601 



651 



701 
751 
801 
851 
901 
951 
1001 
1051 
1 1 01 
1151 
1201 
1251 
1301 



A7CAAA777C CCGG7AAACC 7AAA7CCAAA CATTACTTCC CCCTAAACGC 
ACGCG ATCCG C7GC77CAGC AA.TTCCAGCC A. G A A A. A C G A A ACCAGCCC7G . 
CCTGGGTAGT GGG7A7CGA7 CAAACGCTGG TCGATATTGA AGCCAAACTG 
GATGATGAAT TTATTGAGCG . 7TATGGATTA AGCGCCGGGC A77CAC7GG7 
GATTGAGGAT GATGTAGCCG AAGCGC777A 7CAGGAAC7A A A A C A G A A A A. 
ACCTGA77AC CCA7CAG7TT GCGGGTGGCA CCA7TGGTAA CACCA7GCAC 
AACTAC7CGG 7GC7CGCGGA CGACCG77CG G7GCTGC7GG GCG7CA7G7G 
CAGCAA7A77 GAAA77GGCA ' GTTATGCCTA 7CG7TACC7G 7G7AACAC77 
CCAGCCG7AC CGA7G77AAC TATCTACAAG GCGTGGATGG CCCGA77GG7 
CG77GCTT7A CGC7GA77GG CGAG7CCGGG GAACG7ACC7 7TGC7A7CAG 
7CCAGGCCAC ATGAACCAGC TGCGGGC7GA AAGCATTCCG G.-.AC-A7G7GA 
TTGCCGGAGC C7CGGCAG7G GTTC7CACC7 CA7A7C7GG7 GCG77GCAAG 
CCGGG7GAAC CCA7GCCGGA AGCAACCATG AAAGCCA77G AG7ACGCGAA 
GAAATATAAC G7ACCGG7GG 7GC7GACGC7 GGGCACCAAG 7T7G7CA77G 
CCGAGAATCC GCAG7GG7GG CAGCAA.77CC 7CAAAGATCA CG7C7CTATC 
CT7GCGA7GA ACGAAGA7GA AGCCGAAGCG 77GACCGGAG AAAGCGATCC 
G77GT7GGCA 7C7GACAAGG CGC7GGACTG GGTAGATCTG GTGC7G7GCA 
CCGCCGGGCC AA7CGGC77G 7ATA7GGCC-G GC777ACCGA AGACGAAGCG 
AA.ACGTAAAA CCCAGCA7CC GC7GC7GCJ3G GGCGCTATAG C GG AA77C A A 
CCAG7A7GAG 777AGCCGCG CCATGCGCCA CAAGGATTGC CAGAA7CCGC 
TGCGTGTATA 77CGCACA77 GCGCCGTACA TGGGCGGGCC GGAAAAAA7C 
ATCAACAC-TA ATGGAGCGGG GGATGGCGCA 77GGCAGCG7 TGCTGCATGA 
CA77ACCGCC AACAGC7ACC A7CGTAGCAA CG7ACCAAAC 7CCAGCAAAC 
A7AAA77CAC C7GG77AAC7 7A77CA7CG7 7AGCGCAGG7 GTG7AAA7A7 
GC7 AACCG7G 7G.AGG7A7CA GG7AC7GAAC CAGCA77CAC C7CG777AAC 
GCGCCGC77G CCGGAGCG7G AAGACAGCC7 GGAAGAG7C7 7AC7GGGA7C 
G7 



Gen nach Anspruch 3 Oder 4. wobei das Gen von Escherichia coh stammt. 

Rekombinante DNA. erhalten durch Insertion eines ein Gen gemaG der Definition in eh .em der Anspruche 3 bis 5 
enthaltenden DNA-Fragments in einen Vektor. 

Mikroorganismus, der eine rekombinante DNA gemaB der Definition in Anspruch 6 tragi. 
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8. Mikroorganismus nach Anspruch 7, wobei der Mikroorganismus Escherichia coli ist. 

9. Verfahren zur Herstellung einer Inosin-Guanosin-Kinase, umfassend die Zuchtung eines Mikroorganismus, der zur 
Gattung Escherichia gehort und eine rekombinante DNA gemaR der Definition in Anspruch 6 tragt, in einem Medium 
zur Erzeugung und Anreicherung der Inosin-Guanosin-Kinase in den gezOchteten Zellen und die Gewinnung der 
Inosin-Guanosin-Kinase aus der Kultur. 

1 0. Verfahren zur Herstellung von S'-IMP Oder S'-GMP, umfassend die Umsetzung von Inosin Oder Guanosin mit einem 
Phosphatdonor in einem waRrigen Medium in Gegenwart einer Enzymquelle, die (1 ) eine gereinigte Inosin-Guano- 
sin-Kinase gemaR der Definition in Anspruch 1 Oder 2 Oder (2) eine Zelle, eine Kulturbruhe Oder ein nach Behandlung 
der Mikroorganismen gemaR der Definition in Anspruch 7 erhaltenes Produkt ist, zur Erzeugung und Anreicherung 
von S'-IMP Oder 5'-GMP im Reaktionsgemisch und Gewinnung von S'-l MP oder S'-GMP aus dem Reaktionsgemisch, 

1 1 . Verf ah ren zur Herstellung von 5'-l MP oder 5'-GMP nach Anspruch 1 0, wobei der Phosphatdonor ATP oder dATP ist. 

12. Verfahren zur Herstellung von S'-IMP oder S'-GMP nach Anspruch 10, wobei der Mikroorganismus ein Mikroorga- 
nismus der Gattung Escherichia ist. 



Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer Inosin-Guanosin-Kinase, umfassend die Zuchtung eines Mikroorganismus, der zur 
Gattung Escherichia gehort und eine rekombinante DNA tragt, die durch Insertion eines ein Gen, das eine Ino- 
sin-Guanosin-Kinase mit der folgenden Aminosauresequenz codiert, enthaltenden DNA-Fragments in einen Vektor 
erhalten wurde, in einem Medium: 
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1 Me z Lys rhe Pr oCiyLy s Arg Ly s Se r Lys Hi sTyrPhe Pro Val As n Ala ArgAspPro 

21 Leu LeuClnG InrhaClnPr oGlu A snG luTh rSer Ala AlaTrpValValCly He Asp 

4 i GlnThrLsuValAspIlaGluAlaLysyalAspAspGluPheIleGluArsTyrGlyJ.su 

61 SerAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrClnGluLeu 

81 LysGlnLysAsnLauIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrHawKis 

101 AsnTyrSe rValLauAlaAsp Asp ArgSer Val Leu LeuGly Valine tCysSerAsnll- 

121 GluIleGlySerTyrAlaTyrArsTyrLsuCysAsnThrSerSerArgThrAsoLeuAsn 

l£ll Tyr LeuGlnGlyValAspGly?roIleGlyArsCys?he7hrLeuIleGlyGluSarGly 

16 1 GluArjThrPheAlalleSerrroGlyHisM^cAsnGlnLeuArsAlaGluSerllePro 

18 1 GluAspVallleAlaGlyAlaSerAlaLeuValLeuThrSerTyrLeuValArsCysLys 

201 ProGlyGluPror-etPrcGluAlaThrMetLysAlalleGluTyrA 1 aLysLysTyrAsn 

221 ValProValValLauThrLeuGlyThrLysrheVallleAlaGluAsnProGlnTrpTrp 

Z^l Glr^lnrheLeuLy.sAspnisValSerlleLsuAla^euAsnGluAspGluAlaGluAla 

261 LeuThrGlyGluSarAsprroLeuLeuAiaSerAspLysAlaLeuAspTrpValAspLau 

281 ValLsuCys7hrAlsGlyPrcZleGlyLeu7y 

301 LysArgLys7?ir01nKis?roLeuLeu?rc^^ 

321 PhsSerAr5Ala:-:e?ArsHisLysAspCysGlnAsn?roLauAr2Val7yrSerKisli- 

3^1 Aia?ro7yrHetGlyGlyProGluLysIleMezAsn7hrAsnGlyAlaGlyAs?GlyAla 

361 LeuAlaAlaLeuLsyKisAspIle7hrAlaAsnSer7yrHisArsSerA5nVal?roA5n 

331 SerSarLysKisLys?ha7hrTrpLeu7hr7^ 

«i01 AlaAsnAr3ValSer7yrCl.V/alLeuAsRClP.KisSer?roArgLeu7hrAr5ClyLeu 
*2 I Pr oG iu Ar gClu As p£srLeuGluCluSer7yr7rp Asp Arg 

Verfahren nach Anspruch l. dadurch gekennzeichnet. daG eine Inosin-Guanosin-Kinase mit den folgenden physi- 
kalisch-chemischen Eigenschaften hergeslellt wird: 

(1) Wirkung 

Das Enzym katatysiert die Bildung von Adenosindiphosphat (ADP) und 5' £ -lnosinsaure (5MMP) aus Aden- 
osmtriphosphat (ATP) und Inosm. die Bildung von Desoxyadenosmdiphosphal (dADP) und S'-IMP aus Des- 
oxyadenosintnphosphat (dATP) und Inosm. die Bildung von ADP und S'-Guanylsaure (5'-GMP) aus ATP und 
Guanosm und die Bildung von dADP und 5'-GMP aus dATP und Guanosm. 

(2) pH-Optimum 

6.9-8.2. 

(3) pH-Stabilitat 

das Enzym ist stabil in einem pH-Bereich von 6,6 bis 9 ; 0 bei einer I6stundigen Behandlung bei 4°C, die 
Zugabe von KCI verbessert die Stabilitat wahrend der Lagerung, 
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(4) Temperaturoptirnurn 

25-40°C, 

(5) Temperaturstabilitat 

stabil bis zu 40°C bei einer 15minutigen Behandlung bei pH 8,0, 

(6) Substratspezifitat 

Phosphorsaure an der y-Position von ATP oder dATP als Phosphatdonor wird auf Inosin oder Guanosin 
als Phosphatakzeptoren ubertragen,' 

(7) Inhibitoren 

Metallionen von Co 2+ , Cu 2+ und Zn 2+ , * 

(8) Aktivierung 

das Enzym erfordert eine der beiden lonengruppen: die eine ist K + und Mg 2+ und die andere ist K + und 

Mn 2+ , 

(9) Km -Wert 

Der Km-Wert in der Fteaktionslosung, die zusammengesetzt istaus 2 mM ATP, 10 mM MgS0 4 , 300 mM 
KCIund0,1 MHEPES-Puffer(pH7,2)betragt2,1 mM fur Inosin und 6,1 u,M fur Guanosin, 

(10) Motekulargewicht 

das Molekulargewicht, das von der Aminosauresequenz abgeleitet ist, betragt etwa48 400 Dattons, eine 
Messung durch SDS-Polyacrylamidelektrophorese ergibt ein Molekulargewicht von etwa 43 000 Daltons. 

Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da3 das Gen, das in dem in den Vektor inserierten DNA-Frag- 
ment enthalten ist, die folgende Nucleotidsequenz aufweist: 
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1 

51 
101 



A7GAAA777C CCCG7AAACG TAAATCCAAA CATTACTTCC CCG7AAACGC 
ACCCCA7CCC CTGCTTCAGC AATTCCAGCC AGAAAACCAA ACCAGCGCTG 
CCTGGGTAG7 GGG7A7CGA7 CAAACGC7GG 7CGA7A77GA AGCGAAAG7G 
151 GA7GA7GAA7 .T7AT7GAGCG. T7A7GGA7TA ACCGCCGGCC ATTCACTGGT 
201 GA77GAGGA7 GA7G7AGCCG AAGCGC777A 7CAGGAAC7A A A A C A G A A A A. 
251 ACC7GA77AC CCA7CAG777 GCGGG7GGCA CCA77GG7AA CACCA7GCAC 
301 AAC7AC7CGG 7GC7CGCGG A CGACCGTTCG G7GC7GC7GG GCC7CA7G7G 
351 CAGCAA7AT7 GAAA77GGCA G77A7GCC7A 7CG77ACC7G 7G7AACAC7T' 
£101 CCAGCCG7AC CGA7C77AAC 7A7C7ACAAG GCC7GGA7GG CCCCAT7GG7 
£5 5 1 CG77GC777A CGC7GA77GG CGAG7CCGGG GAACGTACC7 77GC7A7CAG 
501 7CCAGGCCAC A7GAACCAGC 7GCGGGC7GA AAGCATTCCG GAAGA7G7GA 
551 77GCCGGAGC C7CGGCAC7G G77C7CACC7 CA7A7C7GG7 GCC77CCAAG 
601 CCGGG7GAAC CCA7GCCGGA AGCAACCA7G AAAGCCATTG AG7ACGCGAA 
651 GAAA7A7AAC G7ACCGG7GG 7GC7GACGCT GGGCACC'AAG 777G7CA7TG 
701 CCGAGAA7CC GCAG7GG7GG CAGCAA77.CC 7CAAAGA7CA CG7C7C7A7C 
751 C77GCGA7GA ACGAAGA7GA AGCCGAAGCC. 77GACCGGAG AAAGCGA7CC 
301 G77G77GGCA 7C7GACAAGC CGC7GGAC7G GG7AGA7C7G G7GC7G7GCA 
351 CCGCCGGGCC AA7CGCC77G 7A7A7GGCGG GC777ACCGA. ACACGAAGCG 
901. A A. .A C G 7 A A A A CCCAGCA7CC GC7GC7GCCG GGCGC7A7AG CGGAA77CAA 
951 CCAG7A7GAG 777:GCCGCG CCA7GCGCCA CAAGGA77GC CAGAA7CCGC 
7GCG7G7A7A 77CGCACA77 CCCCCC7ACA 7GGGCGGGCC G G A A A A A A 7 C 



1001 



1051 A7GAACAC7A A7GGAGCGGG GGA7GGCGCA 77GGCAGCG7 7GC7GCA7GA 
1101 CA77ACCGCC AACAGCTACC A7CG7AGCA A CG7ACCAAAC 7CCAGCAAAC 
1151 A7AAA77CAC CTKC77AAC7 7A77CA7CG7 7AGCGCAGG7 G7G7AAA7A7 
1201 GC7AACCG7C TGAGC7A7CA GC7AC7GAAC CAGCA77CAC C7CGT77AAC 
1251 GCGCGGC77G CCGGA.GCC7C AAGACACCC7 GGAAGAC7C7 7AC7CCCA7C 
1301 G7 

Verlahren zur Herstellung eines eine Inosin-Guanosin-Kinase codierenden Gens, umfassend die Clonierung und 
Isolierung eines Gens, das eine Inosin-Guanosin-Kinase mil der Aminosauresequenz gemali der Def.mt.on in 
Anspruch 1 codiert. 
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S ' tEZZZXttZF"* mkMM - - *« cloorerte „, ,so fene Gen *,,<» 0ie ,o, 9e „ ae 

1 A7GAAA777C CCGCT.-iACG TAAATrrjaa /■> /-.-, 

AAA CCA A A C-. i , ACT7CC CCGTAAACGC 

51 ACCCGATCCG C7GC77CAGC AA77CCACCC. ACAAAACGAA ACCAGCGC7C 

101 CC7GGGTAGT CCC7A7CCAT CAAACCCTCC 7CCATATTGA AGCGAAAGTG 

151 GA7GA7GAA7 77A77GAGCG. 77A7GGA77A AGCCCCGGGC A7TCACTGG7 

201 GA77GAGGAT GATGTAGCCG AA0CCC777A 7CAGGAAC7A A A A C A G A A A A. 

251 ACC7GAT7AC CCA7CAG777 GCCGG7GGCA CCA77GG7AA CACCA7GCAC 

301 AACTAC7CGG TGC7CGCGGA CGACCG77CG G7GC7GC7GG GCG7CA7G7G 

351 CAGCAA7A7T GAAA77GGCA G77A7GCC7A 7CG77ACC7G 7G7AACAC77 

101 CCAGCCG7AC CGA7C77AAC 7A7C7ACAAG GCG7GGA7GG CCCGA77GG7 

.151 CG77GC777A CGC7GA77GG CGAG7CCGGG GAACG7ACCT " 77GC7A7CAG 

501 7CCAGGCCAC A7GAACCAGC ' 7GCGCGC7GA AAGCA77CCG GAAGA7G7GA 

551 77GCCGGAGC C7CGGCAC7G GT7C7CACC7 CA7A7C7GG7 GCG77GCAAG 

601 CCGGG7GAAC CCA7GCCGGA AGCAACCA7G AAAGCCA77G AG7ACGCGAA 

651 GAAA7A7AAC G7ACCGG7GG 7CC7GACGC7 GGGCACCAAG 777G7CA77G 

701 CCGAGAA7CC GCAG7GG7GG CAGCAA77CC 7CAAAGA7PA CG7C7C7A7C 

751 C77GCGA7GA ACGAAGA7GA AGCCGAAG'CG 77GACCCGAG AAAGCGA7CC 

801 G77G77GGCA 7C7GACAAGG CGC7GGAC7G GG7AGA7C7G G7GC7G7CCA 

351 CCGCCGGGCC AA7CGGC77G 7A7A7GGCGG GC777ACCGA AGACGAAGCG 

901 A A A C G 7 A A A A CCCAGCA7CC GC7GC7GCCG " GGCG.C7A7AG CGGAA77CAA 

S51 CCAG7A7GAG 777AGCCGCG CCA7GCGCCA CAAGGA77GC CAGAA7CCGC 

1001 7GCC7C7A7A 77CGCACA77 GCGCCG7ACA 7GGGCGGGCC CGAAAAAA7C 

1051 A7GAACAC7A A7GGAGCGGG GGA7GGCGCA 77GGCAGCC7 7GC7GCA7GA 

U01 CA77ACCGCC AACAGC7ACC A7CG7AGCAA CC7ACCAAAC 7CCAGCAAAC 

1151 A7AAA77CAC C7GG77AACf 7A77CA7CG7 7AGCGCAGG7 G7G7AAA7A7 

1201 GC7AACCC7C 7CAGC7ATCA CG7AC7GAAC CAGCA77CAC C7CG777AAC 

1251 GCGCCCC77G CGGCAGCC7G AACACAGCC7 GGAACAG7C7 7AC7GGCA7C 

1301 C7 . 

Verfahren nach Anspruch 4 Oder 5, wobei das Gen von Escherichia coli stammt. 
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Verfahren zur Herstellung einer rekombinanten DNA, umfassend die Insertion eines DNA-Fragments, das ein nach 
einem der Verfahren nach den Anspruchen 4 bis 6 hergestelltes Gen enthalt, in e.nen Vektor. 

8 Verfahren zur Herstellung von 5'-IMP oder 5'-GMP, umfassend die Umsetzung von Inosin oder Guanosin mit einem 
s ' Phosphatdonor in einem waBrigen Medium in Gegenwart einer Enzymquelle, die (1 ) eine Inos.n-Guanos.n-K.nase 
gemaR der Definition in Anspruch 1 oder (2) eine Zelle, eine Kulturbruhe oder ein nach Behandlung der Mikroor- 
qanismen. die eine rekombinante DNA gemaB der Definition in Anspruch 7 tragen , erhaltenes Produkt .st, zur ^Erzeu- 
gung und Anreicherung von 5'-lMP oder 5'-GMP im Reaktionsgemisch und Gewinnung von 5'-IMP oder 5-GMP 
aus dem Reaktionsgemisch. 

9. Verfahren zur Herstellung von 5'-IMP oder 5'-GMP nach Anspruch 8, wobei der Phosphatdonor ATP oder dATP ist. 

10. Verfahren zur Herstellung von 5'-IMP oder 5'-GMP nach Anspruch 8, wobei der Mikroorganismus ein Mikroorga- 
nismus der Gattung Escherichia ist. 

is 

Revendications 

20 Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 

1 . Inosine-guanosine kinase purifiee, presentant les proprietes physico-chimiques suivantes : 

a) action cette enzyme exerce une action de formation d'adenosine-diphosphate ( ADP) et d'acide 5'-inosinique 
(5'-IMP) a partir d'adenosine-triphosphate (ATP) et d'inosine, une action de formation de desoxyadeno- 
sine-diphosphate (dADP) et de 5'-IMP a partir de desoxyadenosine-triphosphate (dATP) et d'inosine, une action 
de formation d'ADP et d'acide 5'-guanylique (5'-GMP) a partir d'ATP et de guanosine, et une action de formation 
de dADP et de 5'-GMP a partir de dATP et de guanosine ; 

b) pH optimal : 6,9-8,2 ; 

c) stabilite vis-a-vis du pH : cette enzyme est stable dans le domaine de pH allant de 6,6 a 9,0, lors d un traitement 
a 4°C pendant 16 heures ; I'addition de KCI ameliore la stabilite en coursde conservation ; 

d) temperature optimale 25-40°C ; 

e) stabilite vis-a-vis de la temperature : cette enzyme est stable jusqu'a 40°C. lors d'un traitement de 1 5 minutes 

35 f) specificite pour le substrat : le residu d'acide phosphorique situe en position y dans I'ATP ou le dATP, utilises 

comme donneurs de phosphate, est transfers sur I'inosine ou la guanosine, utilisees comma accepteurs de 
phosphate ; 

g) inhibiteurs : ions metalliques Co 2+ , Cu 2+ et zn 2+ ; 

h) activation cette enzyme a besoin de I'une des deux paires d'ions suivantes : (K\ Mg z+ ) et (K , Mn ) , 

40 i) valeur de K m • dans un melange reactionnel contenant 2 mM d'ATP, 10 mM de MgS0 4 , 300 mM de KCI et 

0,1 M de tampon HEPES (pH 7,2), K m vaut 2,1 mM dans le cas de I'inosine, et 6,1 u.M dans le cas de la 

guanosine, A OJ ,nn^ i 

i) masse moleculaire : la masse moleculaire deduite de la sequence d'acides amines vaut environ 48400 dal- 
tons. et d'apres les mesures eff ectuees par electrophorese en gel de polyacrylamide-SDS. la masse moleculaire 

4S vaut environ 43000 daltons. 

2. Inosine-guanosine kinase purifiee, representee par la sequence suivante de residus d'acides amines : 

50 



25 



30 



55 
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1 Me uLysPheFroCIyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 

21 LeuLeuGlnGlnPheGlnProGluAsnGluThrSerAlaAlaTrpValValGiyHeAsp 

4 1 GlnThrLeuValAspIleGluAlaLysValAspAspGluPhelleGluArgTyrGlyLeu 

61 SerAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrGlnGluLeu 

31 LysGlnLysAsnLeuIleThrHisGlnPheAlaGlyGlyThrlleGlyAsnThrMstHis 

101 AsnTyrSerValLeuAlaAspAs pAr gSerValLeuLeuGlyValMe tCysSe rAsnlle 

121 GluIleGlySerTyrAlaTyrArgTyrLeuCys AsnThrSerSerArgThrAspLeuAsn 

14 1 TyrLeuGlnGlyVaiAspGlyProIleGlyArgCysPheThrLeuIleGlyGluSerGly 

lol G luArg Th r Phe Ala IleSerProGlyHisi^rAsnGln Leu ArgAlaGluSe rile Pro 

181 GluAspVallleAlaGiyAleSerAlaLsuValLeuThrSerTyrLeuValArgCysLys 

201 ProGlyGluProMeuProGluAlaThrMetLysAlalleGluTyrAlaLysLysTyrAsn 

221 ValProValValLeu7hrLeuGly7hrLys?heValIleAlaGluAsnProGlnTrpTrp 

241 Glr.GlnPhe LeuLysAspHisVa ISe rlleLeuAlaMet AsnGlu AspGluAIaGIu Ala 

261 LeuThrGlyGluSerAspProLeuLeuAlaSerAspLysAlaLeuAspTrpValAspLeu 

231 VaIL5'jCys"hrAlaGly?rcIIeGl>;Leu7yr;'!e^AlaGIyPhe7hrGiuA£pGiuAl^ 

301 LysArgLys7nrGlnr:is?roLeuLeu?roGlyAlaIleAlaGluPheAsnGln7yrGlu 

321 PheSerArgAlaMetArgnisLysAspCysGlnAsnProLeuArgValTyrSerHislie 

341 AlaPro7yrMstGlyGly?roGluLysIIeMetAsn7hrAsnGlyAlaGlyAspGlyAIa 

361 LeuAlaAlaLeuLeuKisAspIleThrAIaAsnSerTyrHisArgSerAsnValProAsn 

331 SerSerLysKisLysPheThrTrpLeuThrTyrSerSsrLeuAlaGlnValCysLysTyr 

401 AlaAsnArgValSer7yrGlnValLeuAsnGlnnisSerProArgLeuThrArgGlyLeu 

^21 Pro'GluArgGluAspSerLeuGluGluSerTyrTrpAspArg 

Gene codant une inosine-guanosine kinase presentant la sequence de residus d'acides amines indiquee dans la 
revendication 2. 

Gene conforme a la revendication 3. quMpresente la sequence suivante de nucleotides : 
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1 A7GAAA777C CCGGTAAACG 7AAA7CCAAA CATTACTTCC CCGTAAACGC 

51 ACGCGATCCG CTGCTTCAGC AATTCCAGCC AGAAAACGAA ACCAGCGCTG 

101 CCTGGGTAGT GGGTATCGAT CAAACGCTGG TCGATATTGA AGCGAAAGTG 

151 GATGATGAAT 77AT7GAGCG 77A7GGA77A AGCGCCGGGC ATTCACTGGT 

201 GATTGAGGAT GATGTAGCCG AAGCGCTTTA TCAGGAACTA AAACAGAAAA 

251 ACCTGATTAC CCATCAGTTT GCGGGTGGCA CCATTGGTAA CACCATGCAC 

301 AACTACTCGG TGCTCGCGGA CGACCGTTCG GTGCTGCTGG GCGTCATGTG 

351 CAGCAATATT GAAATTGGCA GTTATGCCTA TCGTTACCTG TGTAACACTT 

ft 01 CCAGCCG7AC CGA7C77AAC 7A7C7ACAAG GCG7GGA7GG CCCGATTGGT 

ft 51 CG77GC777A CGCTGA7TGG CGAG7CCGGG GAACG7ACC7 77GC7A7CAG 

501 7CCAGGCCAC A7GAACCAGC 7GCGGGC7GA AAGCAT7CCG GAAGA7G7GA 

551 77GCCGGAGC C7CGGCAC7G G77C7CACC7 CA7A7C7GG7 GCG77GCAAG 

601 CCGGG7GAAC CCATGCCGGA AGCAACCATG AAAGCCA77G AG7ACGCGAA 

651 G A A A 7 A 7 A A C G7ACCGG7GG 7GCTGACGCT . GGGCACCAAG 777G7CA77G 

701 CCGAGAATCC GCAG7GG7GG CAGCAA77CC 7CAAAGA7CA CG7C7C7ATC 

751 C77GCGA7GA "ACGAAGA7GA AGCCGAAGCG 77GACCGGAG AAAGCGA7CC 

801 G77G77GGCA TCTGACAAGG CGCTGGAC7G GG7AGA7C7G G7GC7G7GCA 

851 CCGCCGGGCC AATCGGC77G 7A7ATGGCGG GC777ACCGA AGACGAAGCG 

901 AAACG7AAAA CCCAGCATCC GC7GC7GCCG GGCGC7A7AG CGGAA77CAA 

951 CCAG7A7GAG T7TAGCCGCG CCA7GCGCCA CAAGGA77GC CAGAA7CCGC 

1001 7GCG7G7A7A T7CGCACA77 GCGCCG7ACA 7GGGCGGGCC GGAAAAAA7C 

1051 A7GAACAC7A A7GGAGCGGG GGA7GGCGCA 77GGCAGCG1 7GC7GCA7GA 

1101 CA77ACCGCC AACAGC7ACC A7CG7AGCAA CG7ACCAAAC 7CCAGCAAAC 

1151 A7AAA7TCAC CTGG77AAC7 7A77CA7CG7 TAGCGCAGGT GTGTAAATAT 

1201 GC7AACCG7G TGAGC7A7CA GGTAC7GAAC CAGCA77CAC C7CG777AAC 

1251 GCGCGGC77G CCGGAGCG7G AAGACAGCC7 GGAAGAG7C7 TAC7CGGA7C 

1301 G7 

Gene contorme a la revendication 3 ou 4, qui provient d' Escherichia coli. 

ADN recombine obtenu par insertion, dans un vecteur, d'un fragment d'ADN contenant un gene conforme a I' 
des revendications 3 a 5. 
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7. Microorganisms hebergeant un ADN recombine conforme a la revendication 6. 

8. Microorganisme conforme a la revendication 7, appartenant a I'espece Escherichia coli. 



9. 



Precede de preparation d'une inosine-guanosine kinase, lequel procede comporte le fait de cultiver dans un milieu 
un microorganisme appartenant au genre Escherichia et hebergeant un ADN recombine conforme a la revendica- 
tion 6, de facon a produire et laisser s'accumuler de I'inosine-guanosine kinase dans les cellules cultivees et le fait 
de recuperer I'inosine-guanosine kinase dans la culture. 

10. Procede de preparation de S'-IMP ou de 5'-GMP. lequel procede comporte le fait de faire reagir de I'inosine ou de 
la guanosine avec un donneur de phosphate, dans un milieu aqueux et en presence d'une source d'enzyme qui 
est (1) une inosine-guanosine kinase purifiee conforme a la revendication 1 ou 2, ou (2) des cellules un bouillon 
de culture ou un produit de traitement d'un microorganisme conforme a la revendication 7, de facon a produire et 
laisser s'accumuler du S'-IMP ou du 5'-GMP dans le melange reactionnel, et le fait de recuperer le S'-IMP ou le 
5'-GMP dans le melange reactionnel. 

11. Procede de preparation de 5' -IMP ou de 5'-GMP, conforme a la revendication 10, dans lequel ledit donneur de 
phosphate est de I'ATP ou du dATP. 

12. Procede de preparation de S'-IMP ou de S'-GMP, conforme a la revendication 10, dans lequel ledit microorganisme 
est un microorganisme appartenant au genre Escherichia . 

Revendications pour I'Etat Contractant suivant : ES 

1. Procede de preparation d'une inosine-guanosine kinase, lequel procede comporte le fait d. cultiver dans un milieu 
un microorganisme appartenant au genre Escherichia et hebergeant un ADN recombine obtenu par insertion dans 
un vecteur. d'un fragment d'ADN qui contient un gene codant une inosine-guanosine kinase pr6sentant la sequence 
suivante de residus d'acides amines : 
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1 MetLysPheFroGlyLysArgLysSerLysHisTyrPheProValAsnAlaArgAspPro 

21 LeuLeuGlnGlnPheGlnProGluAsnGluThrSerAlaAlaTrpVal.ValGlylleAsp 

«.! GlnThrLeuVelA5?HeGluAlaLysValA8pAspGluPheIleGluAr 8 TyrGlyLeu 

61 SerAlaGlyHisSerLeuVallleGluAspAspValAlaGluAlaLeuTyrGlnGluLcu 

31 LysGlnLysAsnLe-JlleThrHisGlnPheAlaGlyGlyThrllcGIyAsnThrMetHis 

101 AsnTyrSerValLeuAlaAspAspArgSerValLeuLeuGlyValMetCysSerAsnlle 

121 GiuIleGlySerTyrAlaTyrArgTyrLeuCysAsnThrSerSerArgThrAspLeuAsn 

141 Tyr-LeuGlnGlyValAspGlyProIleGlyArgCysPheThrLeuIleGlyGluSerGly 

161 GluArgThrPheAlalleSerProGlyHisMatAsnGlnLeuArgAlaGluSerllePro 

181 GluAspVallleAlaGlyAlaSerAlaLeuyalLeuThrSerTyrLeuValArgCysLys 

201 ProGlyGlu?roMe??roGluAlaThrMetLysAlaIleGluTyrAlaLysLysTyrAsn 

221 ValFroValValLeu7hrLeuGlyThrLys?heValIleAlaGluAsa?roGlnTrpTrp 

241 Glr.GlnPheLeuLysAspHisValSerlleLeuAlaMetAsnGluAspGluAlaGluAla 

261 LeuThrGlyGluSerAspProLeuLeuAlaSerAspLysAlaLcuAspTrpValAspLeu 

231 ValLeuCysTI-rAUC-lyrrcIieGlyLeuTyrVetAiaGiyrheThrGiuAspGIoAla 

301 LysArgLysThrGlnHisProLeuLeuProGlyAlalleAlaGluPheAsnGlnTyrGlu 

321 PheSerArgAlaHetArgHisLysAspCysGlnAsnProLeuArgValTyrSerHislic 

341 AlarroTyrMetGlyGlyProGluLysIleMetAsnThrAsnGlyAlaGlyAspGlyAla 

361 LeuAlaAlaLeuLeuHisAsp-IleThrAlaAsnSerTyrHisArgSerAsnValProAsn 

331 SerSerLysHisLysPheThrTrpLeuThrTyrSerSerLeuAlaGlnValCysLysTyr 

401 AlaAsnArgValSsrTyrGlnValLeuAsnGlnHisSerProArgLeuThrArgGlyLeu 

421 ProGluArgGluAspSerLeuGluGluSerTyrTrpAspArg 

Precede con.orme a la revendica.icn 1 . carac.erise en ee que .'on prepare une inosine-guanos.ne kinase ouri.iee 
qui presente les proprietes physico-chimiques su.vantes : 

de dADP el de 5'-GMP a partir de dATP el de guanosme : 

^4»C pendLm 1 6 heures I'addition de KCI ameliore la s.abilite en cours de conservat.on . 

f) specmcite pour .e substrat: .e residu d'acide phosphorique situe en position y dans I'ATP ou .e dATP. uti.ises 
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Phraph^ 0 " 6 " 5 ^ Ph ° SPhate - ^ tranS,6r ' ,,inOSin8 ° U ' a 9UanOSine - uti,is6es c °<™ • ^cepteurs de 

g) inhibiteurs: ions metalliques Co 2 *, Cu 2+ et Zn 2+ ; 

h) activation : cette enzyme a besoin de I'une des deux paires d'ions suivantes : (K+ Mg 2 *) et (K* Mn 2 *) • 
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1 ATGAAATTTC CCGG7AAACG TAAATCCAAA CATTACTTCC CCGTAAACGC 

51 ACGCGATCCG CTGCTTCAGC AATTCCAGCC AGAAAACGAA ACCAGCGCTG 

101 CCTGGGTAGT GGGTATCGAT CAAACGC7GG TCGATATTGA AGCGAAAGTG 

151 GATGATGAAT 77AT7GAGCG TTATGGATTA AGCGCCGCGC ATTCACTGGT 

201 GATTGAGGAT GATGTAGCCG AAGCGCTT7A TCAGGAACTA AAACAGAAAA 

251 ACCTGATTAC CCATCAG77T GCGGG7GGCA CCA77GG7AA CACCA7GCAC 

30 i AAC7AC7CGG TGC7CGCGGA CGACCG77CG G7GC7GC7GG GCG7CA7G7G 

351 CAGCAA7A77 GAAA77GGCA G77A7GCC7A 7CG77ACC7G 7G7AACAC77 

i! 01 CCAGCCG7AC CGATC77AAC 7A7C7ACAAG GCG7GGA7GG CCCGA77GG7 

H51 CG77GC777A CGC7GA77GG CGAG7CCGGG GAACG7ACC7 77GC7A7CAG 

501 7CCAGGCCAC A7GAACCAGC 7GCGGGC7GA AAGCA77CCG GAAGA7G7GA 

551 77GCCGGAGC CTCGGCAC7G G77C7CACC7 CA7A7C7GG7 GGG77GCAAG 

601 CCGGG7GAAC CCA7GCCGGA AGCAACCA7G AAAGCCA77G AG7ACGCGAA 

651 GAAA7A7AAC G7ACCGG7GG 7GC7GACGC7 GGGCACCAAG 777G7CA77G 

701 CCGAGAA7CC GCAG7GG7GG CAGCAA77CC 7CAAAGA7CA CG7C7C7A7C 

751 C77GCGA7GA ACGAAGATGA AGCCGAAGCG 77GACCGGAG AAAGCGA7CC 

801 G77G77GGCA TC7GACAAGG CGC7GGAC7G GG7AGA7C7G G7GC7G7GCA- 

351 CCGCCGGGCC AATCGGCT7G 7A7A7GGCGG GC777ACCGA AGACGAAGCG 

901 AAACG7AAAA CCCAGCATCC GC7GC7GCCG GGCGC7A7AG CGGAA77CAA 

951 CCAG7A7GAG 777AGCCGCG CCA7GCGCCA CAAGGA77GC CAGAA7CCGC 

1001 7GCG7G7A7A T7CGCACA77 GCGCCG7ACA 7GGGCGGGCC GGAAAAAA7C 

1051 A7GAACAC7A A7GGAGCGGG GGA7GGCGCA 77GGCAGCG7 7GC7GCA7GA 

1101 CA77ACCGCC AACAGC7ACC A7CG7AGCAA CG7ACCAAAC 7CCAGCAAAC 

1151 A7AAA77CAC C7GG77AAC7 7A77CA7CG7 7AGCGCAGG7 G7G7AAA7A7 

1201 GC7AACCG7G 7GAGC7A7CA GG7AC7GAAC CAGCA77CAC C7CG777AAC 

1251 GCGCGGC77G CCGGAGCG7G AAGACAGCC7 GGAAGAG7C7 7AC7GGGA7C 

1301 G7 

Procede de preparation d'un gene codant une inosine-guanosine kinase, lequel procede comporte les elapes con- 
sistent a doner et a isoler un gene codant une inosine-guanosine kinase presentant la sequence de residus d'acides 
amines indiquee dans la revendication 1 . 

Procede conforme k la revendication 4, caracterise en ce que le gene clone et isole est represents par la sequence 
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suivante de nucleotides : 



1 


ATGAAATTTC 


CCGG7AAACG 


7A AA7CCAAA 


CA77AC77CC 


CCG7AAACGC 


51 


ACGCGATCCG 


C7GC77CAGC 


AA77CCAGCC 


AGAAAACGAA 


ACCAGCGC7G 


101 


< 

CCTGGGTAGT 


GGG7A7CGA7 


CAAACGC7GG 


7CGA7A77GA 


AGCGAAAG7G 


151 


GA7GA7GAA7 


77A77GAGCG 


77A7GGA77A 


AGCGCCGGGC 


A77CAC7GG7 


201 


GATTGAGGAT 


GA7G7AGCCG 


AAGCGC777A 


7CAGGAAC7A 


AAACAGAAAA 


251 


ACCTGA7TAC 


CCA7CAG777 


GCGGG7GGCA 


CCA77GG7AA 


CACCA7GCAC 


301" 


AAC7AC7CGG 


7GC7CGCGGA 


CGACCG77CG 


G7GC7GC7GG 


GCG7CATG7G 


351 


CAGCAATATT 


GAAA77GGCA 


G77A7GCC7A 


7CG7TACC7G 


TG7AACAC77 




CCAGCCGTAC 


CGA7C77AAC 


TAtCTACAAG 


GCGTGGATGG 


CCCGATTGGT 


451 


CGTTGCTTTA 


CGC7GA77GG 


CGAGTCCGGG 


GAACGTACCT 


TTGGTATCAG 


501 


TCCAGGCCAC 


A7GAACCAGC 


TGCGGGCTGA 


AAGCATTCCG 


GAAGA7G7GA 


551 


TTGCCGGAGC 


C7CGGCAC7G 


GTTCTCACC7 


CATATCTGGT 


GCG77GCAAG 


601 


CCGGGTGAAC 


CCA7GCCGGA 


AGCAACCA7G 


AAAGCCATTG 


AG7ACGCGAA 


651 


GAAATATAAC 


G7ACCGG7GG 


TGCTGACGCT 


GGGCACCAAG 


777G7CA77G 


701 


CCGAGAATCC 


GCAG7GG7GG 


CAGCAATTCC 


TC. a * AGATCA 


CG7C7C7A7C 


751 


CTTGCGATGA 


ACGAAGA7GA 


AGCCGAAGCG 


77GACCGGAG 


AAAGCGA7CC 


801 


GTTGTTGGCA 


7C7GACAAGG 


CGCTGGACTG 


GG7AGA7C7G 


G7GC7G7GCA 


351 


CCGCCGGGCC 


AA7CGGC77G 


TATATGGCGG 


GC777ACCGA 


AGACGAAGCG 


901 


* a ACGTAAAA 


CCCAGCA7CC 


GC7GC7GCCG 


GGCGC7A7AG 


CGGAA77CAA 


951 


CCAGTATGAG 


777AGCCGCG 


CCATGCGCCA 


CAAGGA77GC 


CAGAA7CCGC 


1001 


TGCG7G7AT A 


77CGCACA77 


GCGCCG7ACA 


7GGGCGGGCC 


GGAAAAAA7C 


1051 


A7GAACAC7A 


A7GGAGCGGG ' 


GGA7GGCGCA 


77GGCAGCGT 


7GC7GCA7GA 


1101 


CA77ACCGCC 


AACAGC7ACC 


ATCGTAGCAA 


CGTACCAAAC 


7CCAGCAAAC 


1151 


A7AAA77CAC 


CTGGTTAACT 


TATTCATCGT 


7AGCGCAGGT 


G7G7AAA7A7 


1201 


GC7AACCG7G 


7GAGC7A7CA 


GG7AC7GAAC 


CAGCAT7CAC 


C7CG777AAC 


1251 


GCGCGGC77G 


CCGGAGCG7G 


AAGACAGCC7 


GGAAGAG7CT 


7AC7GGGA7C 


1301 


G7 











Procede conforme a la revendication 4 ou 5, dans lequel ledit gene derive d'Escherichia coli. 

Procede de production d'un ADN recombine, qui comporte tes etapes consistant a inserer, dans un vecteur, 
fragment d'ADN contenant un gene prepare conformement a Tune des revendicattons 4 a 6. 
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8 Precede de preparation de 5"-IMP ou de 5'-GMP, lequel precede comporte le fait de faire reagir de I'ihosine ou de 
la guanosine avec un donneur de phosphate, dans un milieu aqueux et en presence d'une source d'enzyme qu. 
est (1 ) une inosine-guanosine kinase definie dans la revendication 1 , ou (2) des cellules, un bouillon de culture ou 
un produit de traitement d'un microorganisme hebergeant un ADN recombine prepare conformement a la revendi- 
cation 7. de facon a produire et laisser s'accumuler du 5'-IMP ou du 5'-GMP dans le melange reactionnel, et le fait 
de recuperer le 5'-IMP ou le 5'-GMP dans le melange reactionnel. 

9. Precede de preparation de 5MMP ou de 5'-GMP, conforme a la revendication 8, dans lequel ledit donneur de phos- 
phate est de I'ATP ou du dATP. 

10. Procede de preparation de 5'-IMP ou de 5'-GMP, conforme a la revendication 8, dans lequel ledit microorganisme 
est un microorganisme appartenant au genre Escherichia . 
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FIG.1 




(min) 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 
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